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1. INTRODUCTION

Ever since the generalized network formulation for aperture problems

was given in terms of the method of moments [1), solutions for particular

problems have been obtained using particular subsections. For example,

rectangular patches were used for rectangular apertures 1 2], and annular

subsections were used for annular apertures [3]. Babinet's principle plus

the wire-grid model of the complementary conducting plate have been used

f or arbitrarily-shaped apertures [4). This approach is often satisfactory

for far-field quantities and transmission coefficients, but is not appropri-

ate for computing near-field quantities. This is because there are diffi-

culties in relating computed wire currents to equivalent surface magnetic

currents. Also, the accuracy of the wire-grid approximation can be ques-

tioned on theoretical grounds.

In this report, the problem of electromagnetic transmission through

an arbitrarily-shaped aperture in an infinite conducting screen of zero

thickness is investigated using triangular patches to model the aperture.

The method of solution is, in general, a specialization of that f or bodies

of arbitrary shape by Rao [5]. In the formulation, the equivalence principle

and image theory [6] are used to derive an integral equation for the equi-

valent magnetic currents. The moment method [7,8] is used to metricize

this integral equation. The expansion functions are chosen to be local

position vectors inside each triangular patch.

Extensions of the basic problem are also given. One extension

is two half spaces with different media. Another is a lossy dielectric

window covering the aperture. Computer programs are written and numerical

results for the magnetic currents, transmission cross section patterns and

'4K



2

transmission coefficients are given for several sample cases.

II. STATEMENT OF THE PROTOTYPE PROBLEM

The problem configuration to be considered is shown in Fig. 1.

An infinite conducting screen with an arbitrarily-shaped aperture covers

the entire xy-plane. The excitation of this aperture is an arbitrarily-

polarized plane wave incident from the region z > 0 at an angle 0i to the

z-axis. The quantities to be computed are the equivalent magnetic current

distribution and the transmission characteristics of the aperture.

As described in [1], we use the equivalence principle and image

theory to obtain equivalent situations for both regions. The solution is

expressed in terms of the equivalent magnetic current M = E x 2 in the

aperture. To compute M, we use a linear expansion of basis functions M--n

and moment methods to evaluate the coefficients. Hence, we have to

determine a generalized admittance matrix and an excitation vector. To

predict the transmission characteristics, we need a measurement vector.

Since, the incident field is a plane were, the excitation vector is of

the same form as the measurement vector.

III. FUNDAMENTAL FORMULATION

Refer to the generalized network formulation for aperture problems

[]. Define M = M over the aperture region. Thenrr-n
n

= [ya +yb-l i ()
V = [Y +YI 1I1

where

a b hs hs
[Ya] = [ybI - [Yh = [ <- W , H (M)>N

m t -n NxN

fs fs
2[Y fs = 2[< - W, H (M>N (2)

m t n NXN (2)
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half- space A half-space B

x

Fig. 1. Prototype problem configuration.
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I [<W Hi>] 2[-W, lio>. -o (3)
m t Nx1, m t NXI

V [V NI1

Hence,

1 fs -1 io
2 [<-W, t (-)>n] NXN m Ht >]NXl (4)

In free space, the magnetic field produced by a source M is-- n

H(M ) = - JcF - VO (5)--- Mt --n n

where F and o are the electric vector potential and the magnetic scalarn n

potential related to M as follows [61

F =-f- U M • G(k,r,r')ds'
-n 4T if -n

A

If m G(k,r,r')ds'
n 4iTvj n

A

-1
n iW -

where the free space Green's function is

e-jkjr-r' )

G(k,r,r') -=

Hence, the element Y in the admittance matrix ismn

Ya +yb = 4<- W, Hfs(M )>
Sin mn in t --n

4A w . (jF + Vo)ds'
ifmA
m

W4J if Fn - 4 * )s
A

- 4iwJJ (W F + W on)dS' (6)

A
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IV. TRIANGULAR PATCHES AND BASIS FUNCTIONS

Different approaches to model apertures with some simple, or highly

symmetrical shapes (e.g. slot, rectangle, circle) have been developed.

Here we use triangular patches for the sake of being able to conform closely

to arbitrarily-shaped apertures. There are other advantages: First, this

triangular patch scheme is easily inputed to the computer, since the vertices

can be independently specified. Second, it also provides the flexibility of

having greater patch densities on those portions of the aperture where more

resolution is desired, e.g. when we are concerned about the edge effect.

The presence of derivatives on the magnetic current and on the

scalar magnetic potential suggests that we have to be careful in selecting

the expansion functions and testing procedures in the method of moments.

As Rao did for a scattering body [5],we choose a set of basis functions

which yield a continuous magnetic current and a piecewise constant mag-

netic charge representation.

Assume that a suitable triangulation defined by an appropriate

set of patches, edges, vertices, and boundary edges, such as shown in Fig. 2,

has been found to approximate the aperture region A.

We associate M nwith the nth edge. As Fig. 3 shows, there are two

triangles, T + and T,- related to the nth edge (assumed not on the boundlary)n n*

of a triangulated area modeling the aperture. The global position vector

r and the local position vectors p+ , p are defined as shown. The plus

or minus designation of the triangles is determined by the choice of a

positive current reference direction for the nth edge, which is assumed

to be from T + to T . Define
ni n
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Fig. 2. Triangulation Example.

nthe

0

Fig. 3. Expansion function.
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ni +

2A , P n

n

M (7)

0 elsewhere

+ +-

where k is the length of the edge n and A is the area of triangle T-.
n n n

As pointed out, M is related to the nth edge, which is not on--n

the boundary of the aperture. Since the magnetic current must not have a

normal component on the boundary, we need not define basis functions for

any boundary edges. (See the reason in the following section.)

Using the basis functions above, we see that all edges of T+ and T
n n

are free of magnetic line charges. For the common edge n, the normal com-

ponent of the magnetic current is constant and continuou across the edge

(see Fig. 4), shown as follows:
A+

P, A+
+ n n 1

n, normal 2A+ 2 In/2
n

z A
n n

Mn, normal 2A- /2
n

Hence, Vn may be interpreted as the normal component of the magnetic

curr,-t density crossing the nth edge. For the other conjoined edges,

M has no component normal to them, and hence no magnetic line charges

exist along those edges.

With basis function M defined as above, the associated magnetic-n

surface charge density is of the form of pulse doublets:

n jW -n

I ±1 n n_

n n+9+

n +
n r in T (8)

jwA - n

n
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Pinormal

Fig. 4. Normal component crossing the edge.iI



Also, it can be proved that a superposition of the basis functions

within a triangle is capable of representing a constant current flowing

in an arbitrary direction within the triangle.

V. ADMITTANCE MATRIX

We start with Galerkin's method, then approximate the surface

integral by averaging the integral with its value at the centroid of

each triangle, i.e., with W = M .
-in-m

(D ( M rr dSH nWind s 
= Jn -A dS + f n JA-

T JIwAn T-
In in m

I- [1 dS D ndS]jW A + n A-f n

A A

- r ) - 4n(r )] (9)
jw n -M n --m

W • F dS --- P F dS + _ m • F dS- m -n f2A + -M -n 2A- -
2An --

Tin T n T- M.
m inM 1L ff F -+S+I-ffIn _ jJ *p S+ •J *p~dSI

-- - A ._ m-A _ F n 4 S
in T+ n T-

n In

k m C+ C+ c- c2 [Fr ) p +F(r ) P 1 (10)
2 -n -i-in --n -m. -i

Here r (± + r 2± + r 3± is the centroid of T-. After these

-in -- -n -in in

manipulations, element Yinn of the admittance matrix becomes

inn
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Y mn -4jw f (W F +n DnWm) dS

T
m

C-- c-
4{Jwk [F (,c+ P + F r c- + -rc) C+

m - n -n2 -in 2' m nr -m n-r;

C+ c-

=4k {jw[F (rC+) *- + F (-ce) ::a- +m -n- 2 --n--n 2 + n(r ) - ;

where

F Cr ) - Mn(r') " G(k, rc-, r')dS'
-n- 4ri -n - , -

+
T

n

C- -1 C+ V . C+
(r [M (r') G(k, r, r')dS'

+
T

n

To evaluate F (r ) and (r +), we proceed face by face for the
-n -;n n -n

sake of efficiency. Now,let us look into the case shown in Fig. 5, with

observation triangle T and source triangle T . The number of basisp q

functions for T is less than or equal to three.
q

= ±(r' - r i

pqA c
Fpq F F (rc)

,pq _' t (r )

where i 1,2,3. Hence,

", !

I|
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Fig. 5. Local index for source triangle.

2

A33

A2

Fig. 6. Area coordinate.
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F q M (r') G(k, rc, r')dS'

T
q

±-"n J --kl G(k, , r')dS i = 1,2,3

T q
q

T
q

4~ki = - r c G(k, d r = 1,2,3
I 4Trjwli JJ S -

T q
q

qq

Now, make use of the area coordinate [8] for triangle T .* (Check

Fig. 6.)

r' = r1 + r 2 + Cr3

i.e.

(x,y) =(x 1 , yl) + f(x2, y2) + C(x 3 , y3)

where

= A 1/Aq

f = A2/Aq

ffi A3A f 1 -/-

We transform the surface integrals for F q and OPq into double integrals by
i i

the following formula

i1-n

JJ f(.E')dS' 2Aq J j f(%1 + flt 2 + (1-&-nl) 3 )d~dfl (12)
T 0 0q
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Here the limits come from the definition of area coordinate, and the

constant factor 2A can be easily proved by using the constant inte-q

grand f(r') = 1. We now have the following

Fpq - Ei 1

F = 4Ek 2A-- ( r- + nr2 + r - r) " G(k, R )dS'
-i 4J -l -2 -3A p

q

CZ 1 11-n 1n

41T {r I f f G(k, Rp)d~dn + r2 f f qG(k,Rp)d~dn

0 0 0 0
i i-TI I 1-n

+-3f f - E-)Gk R p)dn- r if G(k, R)p d~dn}1

0 0 0 0

4 (rl Ipq + r Ipq + r lpq - r Ipq) i = 1,2,3 (13)
-4rW-l + -2 In -3 I -

4) i 1 G(k,Rp) dS,
i 4Tjwj Aq T d

q

= 2irjw' J f G(k, R) d~dn

0 0

-i pq i - 1,2,3 (14)

where -JkR

G(k, Rp) = R
P

R p r I' - l, nr2 - 1- -L 31

and 1 i-"

ipq f f G(k, Rp) d~dn

0 0
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Ipq - f f G(k, R) d~dn

0 0

1 1-n
Iq, 1 f nG(kRp) d~di

0 0

Ipq = ipq - Ipq - Ipq

For the numerical integration of these l's, one can refer to [91 and

Rao's work [5].

Actually, many derivations above are parallel to those of [5].

The simplest way of showing this is by duality. Then the matrix equations

V - I here and I - Z V in the body scattering problem are mathe-

matically equivalent in the following way:

-).

Y 4Z

Hence * -+
V I

VI. EXCITATION AND MEASUREMENT VECTORS

For plane wave incidence, I and I are of the same form except for

a minus sign. Therefore, we can evaluate both of them in a similar way.

With procedures similar to those in the previous section, i.e.

Galerkin's method and centroid approximation, we have from (3)

if m o dS k [j 40.H'o + 1 i1lo d-
ff--m °dS "m 2 +  -- m t dm+ "

2A 2A7 --
A inoT+ m T -Tm m

£

m iOrC+ c+ io c- c-H (r -P + H (r ) p 1 (15)

2
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Hence

1 2 f W "T dSm Jj--n -
A

C+ C-

io C+ Mn lo c- A
2P X LH (r ) (6
m t-I 2 - (r)- -] (16)

where
( ) . jki • r -C±

io C+~ 1 in
t( (-) H + U 1 ) e

k i  u .k
i

r

ck sin Cos + sinO sin + cos ai)

By a similar formulation, we have

M If Mn - Hm° dS

A

mC+ 
-m C - 11

2nt 2- - (17)

where ? c±
mm C+- m ni

--m(r n = (UmH +U m )e

km U mkm
r

-k(x sin Om cos m+ j sin Om sin e + cos 6m )

VII. REPRESENTATIVE QUANTITIES TO BE CALCULATED

We first calculate the equivalent current M " V M , then
-1 n

the equivalent charge density m ff V * M, the far-field Hm , the inci-
jw - m

dent power P inc' and the power transmitted P trans' We can find the

transmission cross section patterns T, the transmission coefficient T,

and the transmission area TA. They are listed as follows: ( .st of the

derivations are in (11.)

I
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v fy, + yI I

1 fs -1 _No

1 fs -1 -io

( in T

jwAn

m
n

0 , elsewhere

-jW e -k m m hs -1-1
Hm 87rr [Y PP

m
-J kr

87Tr e *2 2 [Y 2 *1

-iWE: Jkm .0m fs -1 -+io
47mr e y I Y

m

T-2r2. i 12Tioi2
m m

WE 2 T C 2bs 1 - N2 ,ii2
=32rr J Y I I

.W 2E 2 M v 2 /IH 1oi2 (19)

p in nIH io 12 S Cose

hs *+P trnsmRe(V[Y Iv

= Re(- 12
1

T ROli (20)
nIH j, S Cos 6
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TA = T • S cos i

= Re(V -I*)/2i 12 (21)

VIII. NUMERICAL RESULTS AND DISCUSSION FOR THE PROTOTYPE CASES

Using the previous formulation and adopting quite a few subroutines

from [51], we have developed a versatile computer program. This program can

solve not only the prototype problems, but also both extensions mentioned

in Section I. It is described and listed in Section XIV. Some representa-

tive computations for the prototype cases are given in this section. To

ensure the validity of our formulation, we examined several special examples

which are available in the literature. As we will see, the results agree

very well.

The first example is a narrow slot, width X/20 and variable length L,

lying on the x-y plane with axis in the y direction. This slot aperture is

illuminated by a normally incident plane wave with unit magnetic field

polarized in the 4 direction. Figure 7 shows the configuration. As shown

in Fig. 8, it is triangulated into 40 patches. Figure 9 shows the trans-

mission cross section patterns in two principal planes, i.e. Te at ($ = 900,

o = 904. 1800) and (4 = 270, 0 = 1800 - 900), T$ at (4 = 00, 0 = 900 -* 180*)

and ($ = 1800, 0 = 1800 - 900). Figure 10 plots the equivalent magnetic

current in the aperture region. Table I shows the physical area A, trans-

mission coefficient T, transmission area TA of the corresponding cases.

From our data, we found good agreement with earlier results. The only case

of significant discrepancy is the far-field for L = X/4, and it is believed

that our result is correct.
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L

A
HiOf4Ei

Fig. 7. Slot aperture under unit H normal incidence.

Fig. 8. Triangulation of the slot aperture.
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146

12-

8- 1800 8 1800o

6x x X 90 6- 0

4 o 4 04

0 0 20

(a) (b)

6-00 90 6 900

-10

(C) (d)

Fig. 10. Equivalent magnetic currents for slot of Fig. 7.

M is in y-direction.

W A /20; L = 4~4, A/2, 3)J4, X in (a), (b), (c), (d).

+: computed magnitude of IM/E io .
X: computed phase of IM/E io1.

0,A.: corresponding results from [2].
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Table 1. Transmission coefficient for sl1ot of Fig. 7, W '/0

A 0.12500E - 01()2

L = X/4 T 0.17950E + 00

TA 0.22438E - 02 (X2)

A 0.25000E - 01 (X 2

L = X/2 T 0.81829E + 01

TA 0.20457E + 00 (X 2

A 0.37500E - 01 (X 2

L = 3X/4 T 0.21401E + 01

TA 0.80254E - 01 (X 2

A 0.50000E - 01 (X2)

L = X T 0.15163E + 01

TA 0.75815E - 01 (X2)

The second check is made for a square aperture lying in the

x-y plane. It is illuminated by a normally incident plane wave with unit

magnetic field polarized in the c direction. This square aperture is

triangulated into 32 patches as shown in Fig. 11. The computed far-field

patterns match almost perfectly the results from [21, which are plotted

in Fig. 12. For near field quantities, there is no available data to com-

pare with. Nevertheless, our results shown in Fig. 13, seem to be

reasonable.

For a third check, we consider a circular aperture which is

triangulated into 24 patches as shown in Fig. 14. There are two things
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IBB
I

Fig. 11. Triangulation of the square aperture.

Illuminated by a normal incident plane

wave with unit magnetic field polarized

in -direction.

!S
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A= 0.62500E-0(X')

T = 0.21483 E+00

0 TA= 0.13427E-01 W)
0. .03

B (a)

x

-f , x A = 0. 25000 E +O00(e)
', L__.L -Lo T = 0.15673 E+01

25, .2 .5 .75 c. TA= 0.39183 E+00 (e)

(b)

Fig. 12. Transmission characteristics for square aperture
in Fig. 11.

All the notation and marks are similar to Fig. 9

and Table 1. But L = 44, /2 in (a), (b).
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4 180 4- - Iwo

3 -900 3- - 900

2 ' ' I L 00 2 ' ' C

00 -0g 0

0180 I 1 __-800

(a) (b)

4 -1800 4- 180

3- -900 3- * -900

2 , I , I O 2 I I 00

I - -- 9oo  I - -- 900

O X -180 0 I L Igoe ol xo
(c) (d)

Fig. 13. Magnitude and phase of IM/Ei° of a square aperture.

(a), L = X/4 ; cut at BB'

(b), L = A/4 ; cut at AA'

(c), L = A/2 ; cut at BB'

(d), L = A/2 ; cut at AA'
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Fig. 14. Triangulation of a circular aperture.
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4 - +

2.0

1.6

1.2-

0.8

04-

0- ---.- incidence angle
0 15 30o 45 60 75 9

(b)
Fig. 15. Transmission coefficient for a circular aperture.

R 0.02), 0.25A in (a), (b).
+: computed result for E.L-polarization.
X<: computed result for Efll-polarization

A.02 corresponding data from 131.
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to notice. First, to compensate for the loss in total area, we -1 'd put

the boundary vertices outside the circle so that we get the correct total

aperture area. Second, to take care of the edge effect, we neeL: a higher

patch density around the boundary than in the center. Now this circular

aperture is excited by an obliquely incident plane wave with either

parallel or perpendicular polarization [3). To compare with the data available,

we redefine the transmission coefficient, denoted as TCI{A, instead of the

previous T. It is normalized with respect to the incident power density

at normal incidence rather than the actual incident power density at

oblique incidence. As can be seen fron Fig. 15, our computed data agree

well with the previous literature [3)1. The slight discrepancy probably is

due to the edge effect plus the difficulty in matching the exactly circular

boundary with straight line segments.

So far, all the cases we have tried are just validity checks.

Obviously, for any rectangular aperture (including the narrow slot, the

square aperture, etc.), triangular patching is not superior to the rec-

tangular patching in t 2]. Also, for any annular aperture (including

circular aperture), triangular patching is not superior to the annular

subsections used in [3].

To show the versatility of the triangulation method, we try two

other shapes. These are a diamond-shaped aperture and a cross-shaped

aperture. our formulation treats them without difficulty . Figures 16

and 17 demonstrate some simple ways to triangulate the diamond aperture

and cross aperture into 12 patches and 20 patches.
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xT

Fig. 16. Triangulation of a diamond aperture.

Fig. 17. Triangulation of a cross aperture.
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The examples worked out are for small apertures. The transmission

cross section patterns in the principal planes are the usual transmission

patterns, only the magnitude is small (peak values are between 10- and

107 ). We do not plot the pattern. Instead, a list of the transmission

coefficient and transmission area are given in Tables 2 and 3.

Table 2. .Transmission characteristics for a diamond-shaped

aperture as in Fig. 16.

1A 0.25000E - 02 (X2)

L M .A T 0.47906E - 03

I _ TA 0.11976E - 05 (X2)

A 0.11111E + 00 (X 2

W =0.5L L = 0.2X/3 T 0.92387E - 04

TA 0.10265E - 04 (X2)

A 0.62500E - 03 (X 2

L = 0.05X T 0.28988E - 04

TA 0.18118E - 07 (X 2

A 0.12500E - 02 (A)2

L = 0.lX T 0.49212E - 03

TA 0.61515E - 06 (A 2

A 0.55556E - 01 (X2)

W =0.25L L = 0.2X/3 T 0.94904E - 04

TA 0.52725E - 05 (X 2

A 0.31250E - 03 (X 2

L = 0.05X T 0.29776E - 04

TA 0.93050E - 08 (A2)

A
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Table 3. Transmission Characteristics f or a cross-shaped aperture as

in Fig. 17.

A 0.55556E - 02 (X 2

L = 0.lX T 0.13420E - 02

TA 0.74556E - 05 (X2)

A 0.24691E + 00 (X)

W =L/3 L = 0.2X/3 T 0.25184E - 03

TA 0.62182E - 04 (X)

A 0.13889E - 02 (X2)

L = 0.05X T 0.78284E - 04

TA 0.10873E - 06 (A2)

A 0.43750E - 02 (X2)

L = 0.1A T 0.11586E - 02

TA 0.50689E - 05 (X2)

A 0.19444E + 00 (X 2

W= 0.25L L = 0.2X/3 T 0.21751E - 03

TA 0.42932E - 04 (A2)

A 0.10938E - 02 (A )

L = 0.05X T 0.67616E - 04

TA 0.73955E - 07 (X 2
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IX. EXTENSION I: HALF SPACES WITH DIFFERENT MEDIA

a b
Assume two half spaces with different media, c and C , separated

by an infinite conducting plane with an arbitrarily shaped aperture. The

method of solution will be almost the same, except for some minor dif-

ferences.

First, instead of Y 4 <-W , H fS(M )>, the elements in the
mn m t -n

admittance matrix will be

y a + yb =2<-Wi, Has(M) + H bS(M )>
mn mn m t - n t _f

c+ oc-

a( c+ P~ a c- a c- a C+2km{jw[Fa(r . + Fa(r - ) , I + In(r ) a c(r.
m-nM 2 --nn-rm2 n-r] n--m

c+ c-
2i{iw[Fb(r c +) •mn bc-) •m b c-) -b 

) }  (22)S -n-m 2+nM

where
a

a a

Fb (rc )  M W )  G(k b • I r')ds'--n m 47T ,f --nds

a a
b r C M( , Irc± - rl)d.'
n 4 lj -n - - -

+

T
n

Hence a
a b

Fpqb + £ I q + r Ipq pq r pq)

Or -2 Tn -E3 I -i

where
a

kb W) a

vb b
a
b

Ca o /C 0
b
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Secndus = /Eki for the excitation vector Iand m E k

f or the measurement vector ti.Then all the remaining calculations are

exactly the same as in the prototype problem.

X. NUMERICAL RESULTS AND DISCUSSION FOR EXTENSION I

Some arbitrary but interesting combinations of different c aand e

are used as examples. Tables 4, 5, and 6 give the peak values of the

dominant component of M, the transmission coefficients, the transmission

areas, and the maxima of the transmission cross section patterns in the

principal planes.

The sources are normally incident plane waves, with the magnetic field

polarized along the largest dimension of the aperture, for the diamond-shape,

cross-shape, circular, etc. All the largest dimensions are chosen to be a

quarter wavelength, and the relative dielectric constants are chosen to be

combinations of 1 and 4. The results show an interesting phenomenon; i.e.

after changing the dielectric constant on one side, the aperture appears

to be resonant with respect to that half space. Hence both the equivalent

current and the transmission characteristics have significant increases.
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Table 4. Characteristic quantities of a diamond aperture with respect

to some combinations of -a and cb

Aperture area = 0,0036 m 2 , L = 0.25X , W - L/2 where X is the

free space wavelength of the incident plane wave. (X = 0.48m).
0

(Ea' Fb )  (1, 1) (1, 4) (4, 1) (4, 4)

IM/El max 0.58000E 00 0.72000E 00 0.14300E 01 0.18000E 01

0.91000E 00 0.11450E 01 0.22890E 01 0.28680E 01

T 0.23621E -01 0.15036E 00 0.12028E 01 0.33212E 01

TA(X2 )  0.36908E -03 0.23493E -02 0.18794E -01 0.51892E -01

(t0 /2)max 0.57259E -03 0.56648 -01 0.88513 -03 0.89017E -01

(T/2) max 0.57259E -03 0.14162E -01 0.22128E -03 0.89017E -01

(T 2)min O.OOOOOE 00 O.OOOOOE 00 O.OOOOOE 00 O.OOOOOE 00

Cr /X2)min 0.55987E -03 0.12919E -01 0.21629E -03 0.81170E -01

~ mm

a
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Table 5. Characteristic quantities of a cross aperture with respect

to some combinations of C and c b

2
Aperture area = 0.008 m , L =0.25X , W =L/3 where X is the

0 0
free space wavelength, CX = 0.48 in).

(F- atEb) (1, 1) (1, 4) (4; 1) (4, 4)

I/ max 0.78000E 00 0.11280E 01 0.22560E 01 0.19000E 01

T 0.89157E -01 0.79526E 00 0.63621E 01 0.84532E 01

TA (X2) 0.30957E -02 0.27613E -01 0.22091E +00 0.29351E +00

(Te/2)a 0.490'90E -02 0.71640E 00 0.11194E -01 0.54156E 00

(T /X2) mx0.49090E -02 0.17910E 00 0.27984E -02 0.54156E 00

C0e/X2 min 0.00000E 00 0.00000E 00 0.00000E 00 0.OOOOOE 00

/X2)A min 0.46000E -02 0.14100E 00 0.26300E -02 0.43650E 00
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Table 6. Characteristic quantities of a circular aperture with respect
to some combinations of E and b"

2
Aperture area = 0.19635 m , R = 0.25X , X = Im (free space)0 0

(Triangulized aperture area 0.17678 m 2 , X 0 0.94886 m.)

I

Cat Eb) (1, 1) (1, 4) (4, 1) (4, 4)

/El m 0.18860E 01 0.11212E 01 0.22420E 01 0.15430E 01

0.44320E 01 0.16350E 01 0.32700E 01 0.19740E 01

T 0.15820E 01 0.89937E 01 0.71949E 01 0.46297E 01

TA(X2 )  0.27967E 00 0.15899E 01 0.12719E 01 0.81844E 00

(/2)max 0.72745E 00 0.12550E 02 0.19610E 00 0.52419E 01

(T/X2) max 0.72745E 00 0.31375E 01 0.49024E -01 0.52419E 01

(T/A 2)min O.O0000E 00 O.OOOOOE 00 0.OOOOOE 00 O.OOOOOE 00

T/2) min 0.32401E 00 0.68000E -01 0.24698E -01 0.14000E 00
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XI. EXTENSION 11: LOSSY DIELECTRIC WINDOW

Assume now that the arbitrarily-shaped aperture is covered with a

non-magnetic material sheet (pi = p 0 ) which is very thin. Then, we can

treat this aperture as a continuously loaded case. The addition of one

more term to the admittance matrix of the prototype problem will suffice

to give the solution in a straightforward way. Both theoretical and

numerical derivations will be given in moderate detail.

Since the aperture region is covered with a lossy dielectric

(G, C) there will be current [10] consisting of conduction current and

polarization current. This gives a total increase of volume current

density

AJ =J = E + T

=a E+ jw~ (F- - 6 0)E (23)

Since this window is assumed to be very thin, the electric fields on

both sides are still continuous. Hence equivalent currents can still

be M in region a and -M in region b. The current has no normal component

and is tangential to the window. The increase in surface current density

at the aperture region should be

AJ = dJ d <X/10

where d is the thickness of the window.

Now, instead of H= as in the prototype problem the boundaryt t

condition at the aperture region is
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n × (H - H a AJ

= +r + j (c - E: )]dE

= [o + jwAc)d - × M)

Hb H a  Y

-t -t

where

YZ= (3 + JwAc)d (24)

In general, for a good dielectric, the conduction current is much

smaller than the polarization current. Then j9 = JwAEd, i.e. purely

susceptive.

Equation (24) can be rewritten as follows:

ba i
H (-M) - H (M) - Ht =
-t t Y91

H b ( M) - H (M) + yM = H i

i.e., ya + yb £ i
[Y + +YIV =1 (25)

where [Y Z I = [<Wm , YkMn>]N×
N

If the window is isotropic and homogeneous, then

[Yk = y[<W, M n>]N N  (26)

[a b k l-*i1and [Y' + Y + Y I I can be solved by analogy to the prototype

problem as soon as we have Y computed.

• "

!,
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To evaluate Y y£ <W, M > referring to Fig. 18, we can
mn - n

see that corresponding to m, only five n's can make Y non-zero, i.e.,
mn

+ + - _
n = m, mi, i 2 , '1 , m2 .

n m:

~~ds = J( m)~ pmds + JJm (i) p m ds
--m --n2A+  0- 2A-

T T+ m T min TT
m m

92
__ [-- 1 12 ds +I-12

m T+ m T-
m m2T

m1! 1+L -c+ 2 1 c- 2
[7 m + A m .

m m

n m mi, i 1,2,:

W M ds= ( m p n p)ds
M2A 2A -

T -+T m mT
m

= m___.n
-2 f P "Pnds

m T ±
m

m+ n (-n <)

4A-
m

Therefore

Y = (a + JwA) d • Lmn mn

w h e r e Z 2 1 C + 2 + 1 1 2
4 O m +- PM  n,

4A-

m

,. 0 ,otherwise [
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Fig. 18. Demonstration for evaluating Y
mn

TM +

J 
t

TM, I
M2!
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XII. NUMERICAL RESULTS AND DISCUSSION FOR EXTENSION II

As a first example, let us consider some good dielectric sheets

(low loss: a = 104 ) with different dielectric constants F' being 900,
r

81, and 4, and variable thickness d ranging from zero (uncovered aper-

ture) to some reasonable limits (e.g. around O.LA d' where XA = A 0/VrE).

We use these materials for diamond-shaped windows (major axis 0.45A,

minor axis fl.lA ). Each is illuminated by a normally incident plane wave.

on first thought, we might expect the transmission coefficient to

become smaller after we cover the aperture with a lossy dielectric window.

However, in the limiting case (magnetic dipole mode for a small aperture),

the susceptance of a small aperture is inductive [17]. Now since the

dielectric sheet we use is essentially a distributed capacitive loading,

we might expect some kind of "resonance-like" behavior to occur. Our

results support this expectation.

Figures 19, 20, and 21 show the transmission coefficients vs. thick-

ness for the diamond-shaped windows. The incident wavelength A is 0.2m.

We see from these figures that when we start increasing d, the transmission

coefficients drop from their original value (0.504) to almost zero ( _10- 2

But, then, instead of becoming exactly zero, there is a jump in each case.

This resonance-like behavior can be explained as the result of the better

match between the two half spaces provided by the dielectric sheet of

proper thickness. Even though this resonance occurs at different d's

for different materials, it always reaches the same maximum value (8.728),

i.e., the T mxis independent of the material (Cr ). Also, this Tma

3X 
2

is less than the optimum value for small apertures (T ' ; 10.61,
opt 4TrA
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6.0-
X
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1.0 x

0 itX7 . I I I II 7
0 2.0 4.0 6.0 8.0 I0 12.0 14.0 160 1SO 20.0(x10 "5)

d
Fig. 19. Transmission coefficient of a diamond-shaped window, e = 900.104 r

), = 0.2; o = 1
0

S
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9.0

8.0

7.0

x
6.0-

T 5.0

40

3.0-

20 I~/\

1.0 /

01 I 7. v 'K , -- x-a

0 2.0 40 6.0 8.0 10.0 12.0 14.0 160 18.0 20.0x10"4)
d

Fig. 20. Transmission coefficient of a diamond-shaped window, c = 81.

= 0.2; = 10
4

0

_______________________



43

90

8.0

xx

7.0 1\

x

3.0

20

1.0- x

d

Fig. 21. Transmission coefficient of a diamond-shaped window, Er =4.

= 0.2; = 10 - 4 .
0
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at resonance). This is due to the fact that the capacitive coupling through

the dielectric sheet can never reach exactly perfect matching, since we are

only modifying five elements of each row in the admittance matrix.

As a second example, we choose ro = 10- 4 , C = 900 for a rec-
r

tangular window (actual slot 0.45 by 0.05X ) illuminated by a normally
0 0

incident plane wave. Figure 22 shows the result. Since the slot is already

in resonance, its transmission coefficient has the optimum value (Tmax. -

10.8 2 T ) before we cover it. Then T monotonically decreases as we in-opt.

crease d. There is a small rise near d = 0.5X but that thickness is

probably outside the range of our theory. We can say that the window pro-

vides a shielding effect in this ease.

Finally, let us check the effect of high loss dielectric materials.

With the same rectangular window and the same incidence as in the previous

example, we choose four different cases:(a, cr) = (5000, 900), (5000, 4),

(104, 900), (104, 4). The results are shown in Figs. 23 and 24. These curves

are interesting yet difficult to interpret, especially for the extremely high

and narrow peak right before the dropping to zero. Regardless, they show

very good shielding effect; i.e. the T already drops to zero at around

d 2x 10 , 10 . Actually, since the skin depths here (approximately

1.84x 10- 4 and 1.30x 10
-4 ) are much smaller than one tenth of Ad (6.67x 10-

4

and 10- 2), they play a more important role. As we can see, the unexplanable

peaks occur near those thicknesses. It may be that our formulation doesn't

work when the sheet thickness become comparable to its skin depth. Never-

theless, with high conductivities, changing dielectric constant doesn't change

the curve much; while with the same dielectric constant, doubling the conductivity

gives the same effect with only half of the thickness required. This is reason-

able because there the factor a +j' AE is approximately ( +j(E r-l)/12, which

obviously has a dominant real part.

, I
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II.

Xx

10.0-

9.0

80

7.0

T6.0 1

5.0

x

2.0-

1.0

00!  1. . X..

0 1.0 2.0 3.0 4.0 5.0 6.0 70 (NY 3)
d

Fig. 22. Transmission coefficient of a rectangular window, c = 900.

X 0.2; o = 10-4 .
O



46

22.0
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II

20.0- I I

I I
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Fig. 23. Transmission coefficients of high loss dielectric windows.
A = 0.2; a = 5000.0
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Fig. 24. Transmission coefficients of high loss rectangular windows.
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XIII. CONCLUDING REMARKS

To obtain the transmission characteristics of arbitrarily-shaped

apertures, the generalized network formulation for aperture problems was

utilized. Triangular patching and local position vectors were used as

bases for arbitrary 2-dimensional shapes. Extensions, such as different

media in half spaces and lossy dielectric windows, were derived. Programs

for calculating both far-field and near-field quantities were also developed.

The apertures considered in this report were for coupling between

two half spaces. As further work, we could try some of the following:

arbitrarily-shaped apertures backed by an infinitely-long wire, and arbitrarily-
I

shaped aperture providing coupling between various combinations of half-spaces,

waveguides, and cavities.

We should point out that there are systematic schemes for generating

the triangular patching model [14, 15]. But for the sake of simplicity, it

may still be preferable for the user to input all the nodes and meshes himself.

One more thing, magnetic and electric polarizabilities of small aper-

tures have been solved with scalar bases and quadrilateral and triangular

patches [16]. It wuld be interesting to find the polarizabilities for

arbitrarily-shaped small apertures by using the vector bases.

XIV. COMPUTER PROGRAMS

This complete program treats the most general case; arbitrarily-shaped

apertures on an infinite conducting plane, half spaces on both sides can

have different media, the aperture can be covered with a lossy dielectric

sheet. A thorough listing of the complete program will be given after a

short description.

a

A !
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In addition to the main program, there are 18 subroutines and 1

function subprogram in this set. They are the following:

MAIN

SOLTN

INDATA

GEOM

AJUNC

CURDIR

BODPAR

YMATRX

YWINDO

MAGCHA I

TRANS

MEASUR

SCAINT

VECINT

LININT

INTGRL

CA

EXPRN

CSMINV

DTRMNT

Brief descriptions of MAIN, SOLTN, AJUNC, YMATRX, YWINDO, MAGCHA,

TRANS, MEASUR will be given; all the other subroutines were adopted from Rao's

work and modified for 2-dimensional geometry.

S-
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MAIN program reads in the number of nodes NNODES, the number of

edges NEDGES, and dielectric constants DIA and DIB. It calls subroutine

INDATA to read in all the nodes DATNOD and meshes NCONN. By calling

subroutines GEOM, AJUNC, CURDIR, BODPAR it obtains the triangular patching

I"

model of the aperture. Then subroutine SOLTN is called to find the trans-

mission characteristics.

SOLTN subroutine reads in properties of the possible window; con-

ductivity SIGMA, difference between the dielectric constant and I (free

space) DELDIE, thickness THICK; window with zero thickness means aperture

without covering. It also reads in the number of incident fields to be

treated NFIELD, incident angles THETA and PHI, incident polarizations

ETHETA and EPHI, and a flag IRCS for calculating the aperture transmission

cross section. It calls subroutine YMATRX and YWINDO to get the admittance

matrix CY and the excitation vector CI, inverts CY by calling CSMINV, then

obtains the magnetic current coefficients CV and calculates the transmission

area TS, transmission coefficients T and TCHA (the latter is normalized with

respect to normal incident power density). As an option, subroutine MAGCHA

can be called to give the corresponding magnetic charge distribution. Finally,

IRCS serves as an indicator to show whether subroutine TRANS should be called

and which polarizability of the transmitted field is to be considered;

IRCS = 0 means the TCS pattern is not desired, 1 or 2 means theta- or phi-

polarized TCS pattern is to be computed.

AJUNC subroutine finds the corresponding pair of triangles for each

non-boundary edge, NJUNC. It serves as a preparation for YWINDO.

YMATRX subroutine calculates the summation of admittance matrices,

for both half spaces,CY, the excitation current vector CI in half space A.
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It evaluates the necessary integrals in the triangular area by calling

SCAINT and VECINT.

YWINDO subroutine is called only when THICK is not zero. It com-

putes the load admittance and adds it to CY.

MAGCHA calculates the equivalent magnetic charge densities. It

can be dropped out without hurting the completeness of the general-purpose

program set.

TRANS subroutine is called to find the theta- or phi-polarized TCS

pattern when IRCS is 1 or 2. It reads in the initial angles THETAI and

PHIl, final angles THETA2 and PH12, numbers of subangles NTHETA and NPHI

to form the mesh nodes for desired TCS. It calls MEASUR to obtain the

measurement vector CIM in half space B.

MEASUR subroutine computes the measurement current vector CIM in a

similar way as YMATRX computes CI.
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C THIS PROGRAM CALCULATES TIHE MAGNETIC CURRENT DISTRIBUTION
C FOR A ARBITRARY-SHAPE APERTURE Ch A PERFECT CCKOUCTING PLANE
C EXCITEC BY A PLANE WAVE OF DESIRED AMPLITUDE E-FIELD.
C THE ARBITRARY APERTURE IS CESCSIBEO BY
C A SET CF NODES AND THEIR COOROINATES*ANO EDGES CONNECTING
C THESE NODES*THIS PRCGRAM MANIPULATES TIHE GIEh DATA TO

c CETAIN TRIANGULAR PATCPES AND CURRENT DENSIlV IS CALCULATED
C AT THE CENTER CF EACH EDGEoAS 17 IS THIS PRCQRAP CAN
C HANDLE 100 X 100 UNKNCWNS* BUTY BY MODIFVING THE DIMENSICN
C STATEMENTS CNE CAN USE STILL LAPCER SIZE MATRICES*
C THE PAIN PROGRAM READS THE TCTAL NUMBER OF
C NODES AND TOTAL NUMBER OF EDGESoIT ALSO CALLS FIVE SUBROUTINES*

IMPLICIT CCMPLEX (C)
COMPLEX CV(2003.CI( 200).CYE5SOI CIM(200 I
DIMENSION VATNOOC 150.3)
INTEGER NCCNN(30093).ITRAKC30OI.NBOUND(15O.4).IMIN(300I
INTEGER NJLhC(3CO93)
COMMON/ IF/ IFACE
CCPMCN/DIELEC/C IA. CIB

C READ THE TOTAL NUMEES CF NCCES(NCDES) AtC ECCES4NEOGES)o
READ(1945) NNOOESsNEDGES

45 FCPNAT(2I3)
CALL INDATA(DATNCCNCONN.NNKCOES.NECGES)
CALL GECM(NCONN.NEOUNO. ITRAK. IMIN.NEOGES.NtCES.NSE.NAPTRE.N-HANDLI

C HERE WE CALULATE TH-E TOTAL NUMBER OF FACESCNFACES).
C WE ALSO CALCULATE THE NUMEER OF UtjKNOWNS(NUNsKNS)*
C THE NUMBER OF UNKNOWNS ARE OeTAINED BY SUBSIRACTING THE

C NUMBER CF SURFACE ECGES(NSE) FROM TOTAL NUMBER OF EDGES.
NFACES=IFACE
NUNKNS=NEDGES-NSE
CALL AJUNC(N4JUN-C.NBOUNC.NECGES.NFACESI
CALL CURDIP(NCCNN.NBOUNC.NFACES.NECGES. IMIN.NSEI

50 CALL BOopAR(DAiNCD.NCONN.NeCUND.NNOCES.NEDGESUNFACES9
$NUNKNS N SEv% AP TRE. NHAN CL
REAO(1.551 OIAsDIB

55 FORMAII2Fe.3)
1%PITE(3960) DIA9OIB

60 FCOMAT(OOZXOIA= 1' 3*4/iX. DIE='.Feo3)
CALL SCLTN(CV.C~I.CI.NuNKNs.DATNOD.NccNN.*NBcu~NeOGEss
SNFACES.NNOOES. IMIN. ITRAK.CIM.NJUNCI
STCP
ENC
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SUBROUTINE SOLTNICY.CV.CI.NUNKNS.OATNCO.NCCIkN.NBOUNC.NEDGES.
SNFACES.NNOCES. ININ. ITRAICCIM.JUNCI

C IN THIS SUBSCUTINE sTI-E MATRIX ECUATION YV=I IS SOLVED*
C V-MATRIX AND I-MATPIJX ARE CeTAIIhEC BY CALLIN G TIE
C SUBROUTINE YMAIR)C. LSING SUBROU.TINE CSVIt4Vs WE INVERT
C THE Y-NATAIX AND TI-EN MULTIPLY EY CURRENT VECTOR TO GET THE
C VOLTAGE COEFFICIEITSs7HIS SUBRCUTINE ALSC CALLS TWO OTI-ER
C SUBROUTINES. NAMELY MAGCHA AND TRANCSs TO CCOPUTE MAGNETIC CHARGE
C DISTRIBUTICN: ANC TRANS CROSS SECTION RESPEC TIVELY.

IMPLICIT CCMPLEX ICl
REAL CABSqCOS
CCMPLEX CV(NUNKNS.NUNKNS).CV(NUNKNS).CI(NUNKNS).CIM(NUNCNSI
COPPLEX HIETA.IPI-I.ETI-ETA.EPtI-U'T.HMP
DIMENSION OATNOO(KNODESo3)
INTEGER NCCNN(NECCES.3).N5OUNC(I6C.43.ITRAK(NEDGESDIMIIN(NEDGES)
INTEGER PJLNC(NEOGES931
COMMON/*PAR AM/OTI-ETA .PHI* IF KELD
CCWMCII/F I ELDIETIHIE TAEP" IALAMCA
CCMMCN/0001/AREDT .RAV.IKMAX.EIF'.RMPAX.RMIN
COPMN/NOD2/AVAREA .JMAX.ARMAX.JMIN.ARMII.KMII..RATIO
CCVNCN/FHI'CI/Ff- INC
COMMON/ICKKIAK.P I
COMMON/DIELEC/OIA .015
CCVNCN/PCLAFM/-WT9HlMP
COW MCN/FRE/AC NEGA

C SPECIFY THE WAVE LENGTH (ALAMCAl IN METERS*
PI=3.1AI5q26t
ALAMO A=O.2
DIE=SOPTIDIA)
AL AMCA= AL AM CA/ IE
AK=2.0*PIALANCA
VEL=3. 0E~oe.,DIE
FREQ= IVEL/fALAMCA tI o0E-O6
ACNEGA=2.O*PI* I.OE.06*FPEO
APUa4.O*PI*I.6E-07
AIMP=12O.O*PI/O LE
EPSLCN-I .a/VEL**2*AMUl
AREAT=APEA71( ALAVDA**2)
PA VR AV ALAM DA
RPAX=FMAX/ALAMCA
OMIN=RMIN/ALAMCA
AVAREA=AVAREA/( ALAMDA**2)
ARMAX=ARMAX(/(ALAMCA**2)
ARVIN-ARNIPN'(AL.4MCA0*2 I
FACESM 1.0fA VAPEA
WRITE(39205 I

205 FCPMAT('1'/,o/.//////25X.'MCDELING PARAMETER LIST 41 REGION As///)
UNITE(39206) AREAl

206 FOPMATI/IOXoOSURFACE AREA CF THE APERTURE= @e1E13mZ.IX99SO.
S WAVE LENG10-SI1
WRITEI3s2O51 RAV9IKMAX9RMAXvIKMINvFPIN

209 FOFMATf/IOX96AVERAGE EDGE LEGTH-0stE13oSoIX96%AVE LENGTHS'.
S//*IOX9*MAXIMUM EDGE LENGTIt(CE N~o*%I~v1X9*)u'.lIEoS9.X9
SOSAVE LENGTHS'i4/lOX96MINIPUP EDGE LENGTII-EDGE N099*13.
SIX.' Iin'.E3eS.IX9QVAVE LENGTHS*)
WAITE(3*210) AVAREA*JMAX.APMAX*JMIN*APMIN

210 FORMAI(/IOXv9AVERAGE FACE AREA ='.1lE13*S9IX.'S0.WAVE LENGTHS0.
l#/#I0X#0NAXIMUM FACE AREA (FACE NOe'.I39IA.')m'.IEI3a59IX9

SOSCeWAVE LENGTIS,//IOX96MIhIMUM FACE AREA (FACE N0*6913o

9IX96lm891EI3eS9IX#'SO. WAVE LEfkGTHS' I



WRAITE(392111 KIINNRATIO.FACESM 
5

211 FGF ATI/IOXv*MIIVIUM FACE #-EIGHT TC EASE RATIO
$FACE N0.uIl~g1Xoaizl=*E135/I0X.AVERAGE NUMBER OF FACES PER
S SCUAFE SAVE LEhG7P-'*lE13*SJ
*RIYE(392121

212 FORMAT(1l~.420XELECTRICAL PARAVE1ESSO)
WRITE(3*213) FPEO.AOMEGA&AK*ALANDA

213 FORMATE,/1OX*FRE0UENCY=6 .1El3eS.1X.*MI-ZO.//.1OX.'ANGULAR
SFREOUiENCYOtoE12.5.1X.RADIAASj'SECo/.10X.WAVE NUP8ER61oE13*59

*1x%*(I/METERS)*e/10X.MWAVE LENGT=69E3oS.IX*METERS*?
WAITE(392141 EPSLC%*AUVEL*AENP

214 FCRAAT(/I0X*PEPMITTIVlTVsO.1El3.5.1X.'FARACS~fMETER*.
S,#4IO1X.PERNEA8LTY~o.1E13e5.1XeinENRVE/WETERo
Si'.w10Xv*VELCCITV CF LIGHT=*.1E13.5.IX.3 METERS/OSECOND'.
S.IOjX*9INTISIC I0PEDAICEZ%1E3SIXgCPMS6)

C INITIALIZE TH-E V-MATRIX
00 10 1=10hUNNS
DO 10 J=1.Nuhxhs
CV(I*IJ)=CPL'I0.0.0.0)

10 CTINUE
C READ THE NUMBER OF INCIDENT FIELDS FOP WHICH THE MAGNETIC CURRENT
C OISTRIEUTION NEEDS TO BE COMPU7EC. IT IS NECESSARY TO

C SPECIFY THE INCIDENT FIELD PARAMETERS ON SEPARATE CARDS
C SO THAT THE PRCGRAW EXECUTES CNE SET OF PAPAPETERS AT A TIME*

READ I1*699ISIGMA9OELDIE*THICK
699 FCRMATIE1O..3*Fl0e5*E1o.3)

FEAD(Iv 5)tFf(ELC
15 FOFMAT 1.3)

DC 4,99 IJ=1.NFIELC
IFIELC=IJ

C INITIALIZE THE CURRENT AND VOLTAGE VECTORS.
Dc 498 1=19NUNICNS
CV(I) CXPLXIO00O.O)
CII I)=CPPLXdO00.0)

49e CONTINUE
C READ TH-E INCIDENT FIELD PARAMETEPSoTHETA ANC PHI REPRESENT

C THE USUAL SPHERICAL CCCRDIhATE ANGLES WHICH- CETERMINE THE
C DIRECTION OF PROPAGATION OF THE PLANEWAVE. E714ETA AND EPII
C REPRESENT THE AMPLITUDE OF THE INCIDENT PLANEWAVE.

C THE VARIABLE IRCS IS REFERRED TO THE CCWPUIATICN
C OF TRANS CROSS SECTION. IF IRCS-O* THEN RADAR CROSS SECIICN IS
C NCT CCMPFiTEO.

READI 1.16)THETA.PHI .ETHETA.EPII .RCS

16 FONATIGElO.3*I33
WRITE(3917) TH-ETA*PHI

17 FORMATIJ/,5X9AGLE OF INCIDEICEO*./,lOX.OTHETAa%91E13.S.IX.ODEGREE
SS6.i/#IOX.6P1412. 1E13.5. IX. 'CEGREES*)
HPVHwETETA/CMiPLX(A IMP0o0l
HTHETA-EPH I4CVFLX(-AIMPv0o0l
FHINC-CASS(CPLICA5SSHPHI ).CABSINHIEIAI))
wRITE(39,I81 ETIETA.EPHI.HTI-ETAoHPPI

18 FOPPAT(//SXC.PCLARIZATICN' .. /IX.0E-THETA2 I.s2E&3*5*
$1 VOLTS/METER09
9//91GXs6E-PHI- 402Et3.S.') VOLTS/METERo
$/&.*lXv6H-lHETAs(@*2E13*5903 APPS.'ETEP89

THETA-THETA*PI/ 180.0
PmIspmI4I*II 0. -

C CALL THE YMATPX SURGUTINE TO FILL THE V-MATRIX
C AND THE CURRENT VECIOPo
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CALL YYATPX(CY.CAINOD.NCONNEN HNOlCDES.NEOGES,
SFACES*N~hKKS. ITPAK*CI)
ZE6C=. OOOE 00
IP(THECKc.EC.ZEPC) GC TC 999
CALL VW INOC(C'ECAThOD.NCONN.NUOUND.NNOOES.IIEDGES.NFACESNUNCNS.

SIIPAK.I'JUNC.SIGhiA.DELOIE.TI-ICK I
999 IF(IJ.%E.1) GC IC 19
C OeTAIN T14E INVERSE OF THE V-MATPI~o

CALL CSMINV(CY*tUNXNSehUN~cIS.COTRM.ACCNC.IER)
C M'ULTIPLY THE Y-It'VEPSE MATIRIX WITH CUPRENT CCLUMht VECTOR
C TO OeTDIN VOLTAGE CCEFECIENTSa
19 CC 20 1tehUNNNS

DC 20 Jl~t4hNKI.!
CV(I)=CVII)+Cv(I*Jl*CEIj)

20 CICATINUE
C WRITE THE MAGNETIC CLARENI DEN~SITY TAOLE

EABS=SOR!ICABS(ETI..ETA)**24CASS(EPHE 39*23
WP IIE43*22)

22 FORPMAT(el4I/J/25X*4SUPFACE MAGNETIC CUPETS9*///)
INRIIE(39231

23 FCPNAT(lX*OEOGE KUM8ER9*25X99MAQNETIC CURRENT DENSITY £WE8S*'M-S)9)
SRITE(3*24)

24 FORMAT(/f2OX.eREAL*.8X*IMAGINA'V*.6X.*MAGNITUDE*.8X.*PHASEO
S.SX*OIMi.El PATlC@,6X.vPl-ASEC'3
FSENEOGE S-NVNP 5

CC 50 1=19NEOCES
IF(%SEoECe0I GC TC 3t
00 30 J*1.IhSE
IF(I.EC.ITrPAKIJJ) GO TO 45

30 cChTINUE
31 glKIKI*

PAI-REAL(CV(91))
RA2=AIMAG(CV(91I)1
RA3=-CAaS(C'.IK1 3)
PA4=ATAN2(fiA2*RA I)
PAf=RA31EAeS
PAe=RA4*1 eCe0OPI
URITE(39t0I) l.RAI*RA2.RA3*RA49RA!.RA4

GO 10 s0
45 CG=CPFLX(O.O.O.O)

VRI1E13*101 )I.CC*C09C0
50 CONTINUE

C CALL MAGCPA SUeRCUTINE To CALCULATE T14E MACNETIC CHARGE DISTRIBUTION
CALL MAGCHAICV.CATNOO.ICCNNhICU0.I1NCOES.NEOGES9
SNFACES*NUNNS. TRAK)

C CCOPUTE THE TRANSMISSION AREA AND THE TRANSMISSION COEFFICIErNT
CTS=CMPLX( C*Q9CsOI
00 100 tI.NUNKNS

100 CTS-CTS*CV(II*CCNJGICIIE)
ISUPEAL(CTS)/(2eO*AIMPl
AREAIN-AREAT*COSI IHETA)*ALAPOA**2
T-SIAREAIN
W1E(3110IC TS.!

&to FORMAT(UI*..///.3OX.STRANSMISSION AREA m~vlEl3e5*2N.*0S0 METERS**
9.#/.4OX*TANSPISSION COEFFICIENT %1*E13*51
TCHAwTS/E PRIAI**LAPCA**2)
UPIIE(391201 ICNA
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120 FOPMAT (/uIOX.*TCA =@9IE1J.S)

IF( IRCS.Ec.0) GC '10 499
C SINCE IRCS IS NOT ECUAL TO ZENO.COMPUTE TI4E TRANSMISSICh
C CRCSS SECTICI

IF(IPCS.Eo.j) GC IC 299
IFCIRCS*EQ.21 GO TO 399
GC TO 499

299 1H"I=CMPLXI1.oq.0)a
t""P=CMPLXg0o.o~a
GC TO 450

399 I4N=CPPLX(C.0qO.OI
HM4PCMPLX( 3.0,0.0)

450 CALL TRANCS(OATNCCCtdCNhNBUCbNNOCESNECGEShpFACES*

SNUFNKtS*CV I TRAICC IP
499 CONINIUE

END
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SUBROUTINE INCATA(OATIOC.NCONN.NNOES.NEOGES)

C THIS SUBROUTINE FEACS TUC SETS CF INPUT CATA AND ARRANGES THEN
C IN NUMERICAL OROER.TPE FIRST SET OF DATA CONTAINS NOCE NUMUEQS

- C AND T3PEIR CCCPCINATESeEACP NOCE ALONG WITH iT*S THREE COORDINATES
C IS READ AND STOREC IN THE VATFIX CAThCOe
C TH-E SfCCNO SET Of DATA CONTAINS EDGE NUMBERS AND
C iTHE FICVES TO VlHICH- Tl-IS PARTICULAR EDGE IS CONNECTED. THIS
C INFORI'ATECN IS SICREC IN TH-E PATRIX NCCNN.

DIMENSION OATNOC(NNCDES93)
INTEGER tNCChhINECGES*33
cc t0 91.NNCCES
READI195) NODE9XeY

5 FCFPAT(13.2FS*E)
APNFLCAT (NOCE)
DATNODI NCDE I )=AN
CATKCO(NCCE*21=X
CATNCD(NCDE.3 )=Y

10 CCNTINUE
00 20 1=19NECC-ES
PEAD(1.15) %E.NF*NT

IS FORPAI(313)
%CONN IE 91 )=NE

hCCINCNE*21tF
hCONN(NEs3)=hT

20 CONTINUE
%SITE(3. 181

18 FCAMA(10)
bRITE(3. 191

19 FORMAT(20X*'VERTEX CCCROINATE LIST$)
bRITE(3*21)

21 FORMAT(,2OX9*ALL DIMENSICIS ARE IN METERS*)
WRITE (3 22 3

22 FCRMAT(.*,4X*'VERTEX NCMIBERs5X.SX-CCCFOINATEO95X*
SGV-COROINATEOP

CC .30 I-1.INCCES
IOUMNV=IFIX(CATSCC( 1.133
WRITE(3.233IOUMY.ATNOD( I.23.DAINOO(1.33

23 FORMAT(/3X. 13.1 IX.1E13e5.2X. E13.5 I
30 CCNTINUE

ORITE139201
28 FCPPAr(Ols)

%PITE(3e2S)
29 FORMA14#41OX90EDGE-VERTEX CONNECTION LIST@)

CC 40 I=1eNECGES
wRZTE(3931)NCCNN(1l3.)NCCIA(1.2).NCCNNII.3)

31 FOlRXAT(/.~vEOGEO913.1X.1S CONNECTED FROM VERTEXO*IX913*1X*
$OTC VENTEXO*IX*131

40 CONTINUE
RETURN
ENC
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SUBROUTINE GECM(NCONNNBCUjNO.IIRAN.ININ.NEDGES.NOOES,
ANSI N APTAE9Kf NN l L

C THIS SUBROUTINE US5ES THE INPUT CATA TO FOP* TRIANGULAR PATCHES*
C THE INFORMATION CGNCERNING TPE TRIANGLE AND ITS ASSOCIATED
C EDGES IS STORED IN THE MATRIX NOUND. IRRAK AND [MIN ARE TWO
C AUXILIARY VECTORS NEEDED IN TIRE PROGRA~eIN CASE OF AN OPEN BODY,
C IT CALCULATES NUNIER OF APERTURES AND NIJNeER CF HANDLES.
C IT ALSO LISTS TPE SURFACE EDGES ASSOCIATED V1TH EACH APERTURE.

INTEGER NCONN(NEOGES.33.NeCUNDII50.4).ITRAK(NEDGES)
INTEGER IPIN(NEDGES)
CCP9PCN/ IF/ IFACE
IFACE=O
%F 1=0
NF 2=0
CC 100 Ij=1.NECGES
ICC UNT=0
NZ=NCONN( IJ92)
N2-NCCNN(I1.13)
CO 10 I11NEDGES
CO 10 J=292
IF(I.EC.Iljl CC Ta 10
hANmCCNN(IqJ)
IF(NAeE~oNleORoNAoE~o.2) GO TO 6
CC TC 10

6 KCOUNT=ICOUNKT4i
ITRAKI ICOUNT)=I

10 CCNTINUE
PARKI-0
PARK 2= 0

75 CCKTIKUE
11-
KIITRAK(KI)
CC 15 1=29ICCUNT
IF(ITRAK(I)4LToI1) GO TO 12
GO TC 15

12 II-1TPAK(l)

15 CONTINUE
IF(NARKI*EC.ICOUNT) GO TO 1oo
IF(I1.GToIJ) GC TO 20
GO TC 31

20 CONTINUE
3NCONN( 11.2)

N4=NCONN( 11.3)
IF(N3.E~oNlsCPo63*ECo%2) 60 TO 21
IF(N4oEC.NIaCPoN4olEO.N2) 60 TO 22

21 NE-N4
CC TO 23

22 NOBN3
23 CONTINUE

ICCO0
CC 2! I-IolNECCES
CO 26 Jin903
IF(teecou1I GC TO 25
NCNhCONN(I ,J)
IF(%CoEO.NB) GO TO 24
GC IC 25

24 ICeOICC*1
lINNCICOJ-I

25 CCII U



IA10IN 4 1)
IF(NI.EG.NCCfNt(IA*23*00Rop1E~oNCONN£IA.3)) GC TO 29
lF4N2.E0.tCIN(lA.23.QRejA2.EQ.NC~t4tg(A,333 GO TO 29
CC TC 30

29 12=14
GO IC 32

30 CONTINUE
31 CCNTI1NUf

ITRAXKI(1)-NEDGES*1
MARK1=AK1Il
CC VC 75

32 1P(I2*LI.IJ) GC TO 74
1F(1FACEsE0J GC TO 35
NI=tSCUt'V(IFACE. 23
NF2=h8CU1O (IF SCE .3)

35 IF(IJ.EQsNFIeANC*I2*EO.NF2) GO TC 74
EFACE IFACE4 I
NSOUNO( IF ACE. 9 )= IFACE
heCUNOC 1FACE92)=IJ

14SCUNCt IF ACE* 3 12

PARK2=MAR92+ 1
MARK IMAPK 1$

IF(PAPK2.EC.23 GO TC 100
IRAKEKI 3=NEOGES+1
GO TO 75

74 CCNTINUE
ITRAKfKI 3mtEDGES*1
MARKt-MARK14 I
CC IC 75

£00 CONTINUE
N SE-0
CC 120 11,*IFACE
00 120 J=294
ISEDGE=NSCL~NO(I J)
NC CUNT- 0
CC 125 9.1*IFACE
00 125 Mws4
IF(IsEO.KeANC*JsEO.NJ GO TO 125
tF(ISEOGEeEQ*NBCUPEO(K9V33 NCOUNI-NCOUNT*1

125 CONTINUE
IFtNCCUNT.EO.O3 GO TO 119
GC TO 120

119 t.sE=hSE#1
ITRAKCNSEI3=ISEOGE

120 CCNTINue
NAPTRE-0
IF(NSE*E~o0) GO TO 991
CC 147 K11.FhsE
II. IRAKE(13)
CO 145 J-91ONSE
IPEJOE409I) CC To 14!
IP(ITRAKtJ)#GIIIAK(XI)) 4C TO 145
ICUMMY*ETAAK(Kil
ITRAX(RI IUIVPDK(J 3

145 CONTINUE
147 CCNTINUE
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159 CCI4TINUE
IkAITEI.3.151S)

-1599 FCRNATl%//.IXV9BOUNDOARY CONTOUR LIST@)

161 CC 900 JiuoNSE
IF(ZIlN(Jl*NE.0) GO TC 16S

tlO TO 900

16'9 IJ=!9INI(J)
1PIN( J10
NAPTRE-NAPTRE* 1

%PIIE(3*1601) NAPTRE

1601 FORpAT(j1/X.OAPERTUPE%13.2X*OCCOSISTS OF THE

S FCLLCMEAG OCUNCARY ECGESOJ

OFIIE(3*16021 IJ

1C02 FORMAT(ISX*13)
NIiNCONNI IJ*21

175 Dc £00 K1.frSE
IF(I#NIN(K)*NEo0I GO TO 179

GC TC 600
179 19=a11IN(K)

04K 1NCOWN( II(.2)
0K2=UNCCNN(IX93)
lF(h2oEO.IKAl) GC TO 190

IF(w2.EQ.NK2) GO TO 19t

GO TC 600
190 WINOTE(3*1603) 19

1603 FCPPiATEI5X.13)
RPItN KISC
td2-NK2
EF(Ub2oECoN1I GC TO 900

GO To 600

195 VFITE(3916031 IX

%2-NK I
IF(N2*EC*Nt) GO TO 900

600 CCTENUE
IFN2shE.I'1) GC TO 175

900 CC#%T1?UE
cc001 1*ESNSE
IF(1NIN(IJ.NE*0) GO Ic 161

901 CONTINUE
991 N,4ANOL=1-4 tFAC!EPEGESNNCES+NAPTRE3/*

2

RETU~RN
ENDc
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SUeROUT INE AJUNC(NJUNC.N5GUND.NEOGES.WFACESJ

C THIS SUeRCUTINE TAEULIZES ItE JUtCTICNS*
INTEGER NJUhC(hEOGES933.NUOLio(150.4)
CC 10 1l.IEOGES
NjUNiC(I .13=1
NJIJNC( 1.21=0
NJUNC (1.3 3Z

10 CONTINUE
00 70 1=19NFACES

h 2-NEOUND( 1.332

h4sN8CUNDI 1.4)
IF(NJUNC(N2.2).E~o0l GO TO 20
N iUbC 4N2 93 )=
GO IC 30

20 FJNC(N292)=t
30 IF(IJUI4C(N392)eE~o0l CC TO 40

NjLNC(r%3.3)=I
GO TO 50

40 h JUIC CN392 )=I1
50 IFCKJUhC(ti4*2)EC.0) GC IC 60

N JUNC(N 4 93 )=I
CC TC 70

60 NJUN'C(%4921=1
T0 CONTINUE

bARITE(3980)
80 FCPI'T(I4.2OXvJUhCTIO% LISTO*//)

00 100 11.IhEDGES

90 FOPPAT(.*3X*OECGE*13@1X.*IS THE JUNCTION OF FACE**IXe13*IX*9AND, FA
SCE* .1)113)

100 COTINUE
RE TURPN
END
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SUBROUTINE CUPOIRINCONN.NBCUNV.NFACES.NEOGES.IINNSE)

C IN THIS5 SUPOUTINE oNCAMAL. VECTOR TO THE SURFACE IS CALCULATED*
C THE NCPPAL VECTOR IS CeTAINEC eY LISTING THlE ECGES ASSOCIATED

~- C WITH EACH TRIANGLE IN A SEQUENTIAL MANNEPsHERE THE USER HAS
C THE CHCICE OF SELECTING THE DIRECTION OF NCAPALeBUT INd THIS CASE.
C THE USER SHOULC SUPPLV THE INFCPNATION IN A PRESCRIBED MANNER.
C FOR DETAILSePLEASE REFER TO THE REFERENCE SITED IN THE NOTE.

INTEGER NCCNN(NEOGES,31.NBCUNC(lSO.41IIlNENEDGES)
ITEGER IMAX(6)

IMIN(I IN 1
01-0
DO 99 1J1C1.AFACES
IK IJK
CC 2 1=1.6
IMAX( I =0

2 CONTINUE
IFL.AG=O
OC 4 J-1010
IF(IJK.EQ.ININCJll GO TO I

I FL A G-
4 CObTINUE

IFlIFLAGoEO.1I GO TO 999
I Jl=0

L 1=0

1-COUNO( IK.3 I
EANB4CUNOE IK.A)

NI=NCONNC 12.2)
N2=NCONN( 12.31
N3=hCCNN(13*2)
IF(t3oE~oNleCRoh3eEO.N2) GC TO 9
GC IC 10

5 h3=%CCNhf1393)
10 CONTINLE

11=1
ITEOPI12

11 DO 20 IJ-mNFACES
00 12 J-IeiIN
lFEIJ*E~oIVIh(J)) GO TO 20

12 COITINLE
J2=NfOUNO( IJ92 I

JAwsNBUND( I.q41
IF(ITEMP.EQ.12.CR.ITENP.EQ.J3.oR~oTENPSEQeJ4I Go IC Is

GO VC 20
I! ILinIJ

CO TO 25
20 CC#'TINUE

IF(I1.EG.IoAhO.JlaEO.1) GO IC 21

Go To It
21 IFItI.Eao.1ANOeJl.E~oZ.AN4o.LI.E~o.) GO 10 23

ITeMP-14

Go 10 11
23 IP(MI.otoo) GO To 999
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GC T0 I
25 Kh I=CCt.( I EM 9P2)

KN2=CONNt( ETEMP.931
IF(RIE.eO.ICNOS.N1.E0.Kh2) CC TO 35
KN:3PIa
Go 10 40

35 1F(N2*ECeKNl*C~aA2eECeKN2) GO TO 36

GO To 40
36 K~h3h3

40 J2= 1CU NODIIL e2J
J3-N8OUMCO( IL *3)
J4- NOCUND C IL o4)
IFfJ2oE~o.TEVPJ GC TO 59
IF(NCONN(J2.2)eEOKN.oRNCC~t( J2,2).EC.KN2) GO TO 57
K%4=NCCt4J2*2J
GO IC ee

57 KN4PICONN(J2eZ)
GC TC 68

59 IF(hCCNN(J3.2J.Eo.Khd*CA~rNCCNt(J3.21.Ea.K,2) GC TO 61
XN4FKCOdN(J3921
GC TC 68

61 I(NA=kCOKN(J393)
68 CONTI1NUE

IF(IM*EO.1) GO TO 115
IF(ITEMPOEC.INAX4613 CC TO 109
IMAX( )=IMAX(S)
INDJ((23zlMDX(4)
1NAXl3)1NMAX £6)
GC IC i15

tog IM*X(ti)ZNAX(4)
I NAX(28= I MAX (6
IPAX(3)=EPAX(5)

115 IFIMI.NE.13 GO TO 175
IF(ITEMP.EC.IBCUNC(IJK.43p GO TO 168
INAX(l1)1NBCUClIJKo4)
[MA X(2)=N8OUt40( 1K*2)
lMAX(3)=hBCUC( IJK93)

GO TO 175
165 IMAX(3)=FN8CUhO(1JK933

IMAX(2) =hBCUNC(EJK.43
IIAX(3):IBCUINf 1JX92)

175 KOUPPY=KN3
DO 100 1=192
IFEIaE~o.1ANDelM.ILE.) GO TO 99
ls E*( 1-1 342
IFEITEMP.E~o.2) GC TO 79
IF(ITEMP.Elgel3l GO TO 9
IF(t%1E~oKN3eANCo,2eEC*Kbll GO TO 69
EF(NI.EO.1.lANO*A2eEC.C13) GO TC 69
IM4AX( ICI-13
1 lAXI ( 102 )z=12
Go TO 99

69 11A)ltO)12
ItiD(tC2l13
GO TO 99

79 NIT4NCONN( 13.29
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tN2=NCotg 13.3)
IF(NN1.EO.KNleAhio.NN2eEQeKN3') GO Ic 81
IF(hhleECoKK3eAhCoNK2*ECKIl GO To 81
1ND)C(EO)=I4
IMAX( 10#2)=12!
CC TC 99

81 IMA)((IC)=13
IM*X( 10*21=14
GC To 99

89 IF(N1.ECeK?.3.AI%.f2.ECKKI) CC TIC 91
IF(NI.EO.KNI*ANO.I2*EQeKN3) CO TO 93
IRAXI 101=14
IMAX( ID*2112
GO TO 95

91 INDX(10)=12
IMAX( 1DG2)=14

99 KN3=KN4
12= J2
13= J3
14=J4

100 CCNTINUE
KN3=KDUPMY
NAI=NCONN( [MAX( 11.p2)
tNA2=NCC~r CIMAXM() 3)

%B2-NCONN( IMAX(4) .2)
IF(Ne1.EO*NAl.CF.tNB1.EC.NA2J GO TO 125
EF(h82eEO.NAl.Cp.,E2*EO.,A2) GC I-C 125
IDIJMMV=IMAXi(e)
IMAX(6)=IMAX(4)
I NAX(41= EDUMFMY

12e IMAX(2)=ITEMiP
IMAX£5 )= ITEMP
IF(IW.NE*11 CC TC 149
hBOUNO( IKs2)=IPAX(l)
NICUNOC IK931=IWAX(2)
lBCUtD( IK94)=I PAX (3)

149 N8CUND(1L#2)=1PAX(6)
NeouNo( ILs3)=IlAX(5)
NECUNOC ILs4)=IPAX(4)

IN( I1=1L
1K=IL
IF(IMoEO.NFACES) GO TC 1000
GO TO 1

999 CONTINUE
1000 CONTINUE

IF(NSE.EO.0) GO TO 1001
%A ITE (3v981

9e FOAMAI(0101
WA ITE(3. 1021

102 FCOPMAT(I10X.LIST CF EDGES AND VERTICES BOUNCING EACH FACE*)
Do 1959 ljg=1.FFACES
12=NBUNO( IJK92)
13sNBCUf4D( JK.3)
I4=N8OUID(IJIC.4
IF(NCONN(1292)*EO.NCONN(139211 G0 TO 1005
IF(N~CCN(22)eE0.NCONN(I3s31J GO To 1005
hl=rNCCiNN( 1293)
GO TO 1006



1005~1~C~C122I G TO 01065

1010 N1=NCOIP(1322
1011 IF(NCOHN(I*2.EQNCONKr(12)) GO TO 1010

tF(hCONh(1392).EOeNCONNEI2.3i) GO TO 1015
1%2=NCN( 134.3)
GO TO 1011

1010 N2=CCtN(13*2)

1016 CCF.TIhUE
WRITE(3*10S03 1JIC.129l3.14*%lsN2.Ii3

1050 FORMAT(/3X99FACE091391XselS BCUNOED eV EOGeS9*1X13*1X.139
S1X*1392X.410O VERTICES**1Xsl3*1X.1Z.1~w13)

1999 CCI4TItUE
1001 RETURN

ENC
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SUEFOUTINE BCOPAR(0ATtNCO.NCCNNNe~ONONCOES.NEDGES.NFACES9
SNUNKNS9%SEeNAP7Ewh.N-AhDL)
OINENS[C' DATNCC(1KNOOES.3I.AL(31.-(3 1.Rem(3)
INTEGER NCCIN(hEOGES,3).becuNoEISO.4).1S43)
COMMON/VOL/VOLLJE
CCPRiCti/OD1OAREAT.RAV. IKMAX.1KMKN.PWA~.RM1Is
CCPMN/MO2/AVAREA.JMAX.APN.JMNA~l1.ICP1N.0AY1C
WRllEtS. 110l

110 FCPNAT4oI*.///25!.9SOO PARAMETER LIST**/&#/)
WAITE(39111) NCES.NECGES.AFACES.I4SEddU#RNS.NAPTRE.NHANOL

III FCAMAI/0X.*NUjfER OF VERlCE3=lI3*
S. /itOX96NMeES CF EOGES=6#1~el3s
S#/',I0Xs*NUN8EP CF FACESxS.IX*13o
*i/0I.'oNUMSEP OF SOUNOARY EOGES-4sXs13e
S//*IOXe'PUMSER CF INTERIOR ECGESINO.OF UNKNOWNS) =*.1Xs.I3v
s.i/10oxsouxeEP CF APERTUPESCeCUNDARY CCtTCURSJ -Ov1Xvl3o

8/.#10xvNUMSER OF HANDLES =0sI~sI3l
107 APEAT=0.0

ALI-O.0
DO t99 IJK=1.PNFACES,
12=hSCJhOfIJK92JI
13=%BCUND4 IJK*3 I

15413=14
1542 )=12

IF(NCONNCI2v2)&EO.NCONNfE3921) GO TO 5
IF(IhCONN4I292)*E0.I'Cktd(I3931 GO TO 5
N lNCONNE 12.93)
GO TO 6

5 t1z1CChh 12 *2)

6 IFINCONN(f3,23.EG.ICCI%1-(14.233 GO IC 10
IFINCONN(13e2)eEO.NCONNIi(4v3lf GO IC 10

h22CC~h( 13.3 1
GO IC it

10 N2=NCONNEI392)
11 tFfNCCN%(I4v23.E~oNCONN4I2v213 GO TO 15

IF(hCOhN(I492lE.IhC~hbI1293)) GO TC 15
N3=NCCNNC 14.31
G0 IC 16

15 h3=%CCh(1I4s2)
16 CONtTINUE

X I-OAT NCO (N I o2)
flI-CATNCO(I%1q3l
X2-0A~TbO(N2s2)
Y2-CAT NOD(N2o 3)
X3=CATNtCOfN392 I
V3iOAlNCO(N3v31
AN3u'(X2-Xl)*( V3-TI -(X3--XII*(V2-Yl)
APEA=ASS 4AF3)i2 .0
AREAT-AAEAI4AREA
AL(3)=SQRT(tX2-Xl )*.24.1Y2-YI)e*2)
ALCa J=SCRT(4X3-32)**2,43V256*21
ALE2I=SORT4 CXi-)3)**2*EVI-Y31**2)
AL IALT*AL(l 1,AL(21+ALf3)
"(I 3=2.*0AUIEAIAL( 1)
NC 2 )i2.o*AEA/AL(2)
Mf3)m2o0*APEA/lAL(31
Pl )=§-( t/ALf I)

RPI(2 lwH( 2)/AL(2)
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A et4(3 1=1(3)/IAL (2
IFiJ.EO.lb GC IC 19

- IF(AL(II.LE-RWIN3 Go TO 19

17 CON.TIKUE
GO TO 21

19 INPNfIS(1)
ALP INAL(1 3

OC 20 1=1.2
AR=AL( £*11

KF(ALVIt.LEeAfl1 GC TO 2
ALRIIN=AL( 1.1)

20 CCr4TIIUE
FNIN=ALPIN

21 IF(IJKoEQ.13 GO IC 24

OC 22 1=1*3
IF(AL(IJ*GEoF*A~3 GO TC 24

22 CONTINUE
GC TC 26

24 IPiAI(IS(I
ALNAX=AL( 11
DC 25 1=1.2
AP=AL(1+1)
KF(ALNAX*GE.AR) GC To 25

ALPAX=AL( 1413
IMAX=IS(1.1)

25 CONTINUE
RPAX=ALOWAX

245 IF(IJKoEG.1) GC TC 35

00 28 119
IF(ARb(1).LE.PAI) GO TO 3f

28 CCNTINUE
GO 10 41

35 KMNPIJK
RATIC1P8B(1 I

00 40 1=1*2
IF(RATIO1.LEoR8~l(I1IiJ GC IC 40

PATKIO1AH(1*t)

40 CONTINUE
PArIC=RATICI

41 gpgijK.EQ.1) GC IC 198

IF(AREAeLEeARMIN) GO 10 191

GC TC 192

191 ARMIN=APEA
JOPI N IJ K

192 IF(APEA*GE*ARMAX) GO TO 196

cc Tc 199
196 ARMAXAREA

JMA$X IJK

cc IC 199

198 aRmAx=APEA
JMA)C IJK

199 CONTINUE
RAv=ALT/FLCAT C ECGES.NECGES-NSE I

AVAPEAAREAI/FLCAlIN1F ACES)

IFACESP 1.0/AVAREA

IKMAX=UPAX
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%RITE(39205)
205 FOPMAT(&///',P//#25X.IiGOELIhG PARAMETER LIST0//

NRETE43920e) APEA7
206 F0FMAT(**1OX*SURFACE AREA CF THE SCATTERERZ'.1et3*59109

s. scopEIERSO)
208 WRITE( 3.2OS RA~. IfAX*PPAX91WlNPt.PN
20g FOPNAT(/ION.*AwERAGE EDGE LENGTH-6vlE13e!*1X*0ME1ERS99

S/.VIO0X,*MA~lMUM EDGE LENCTIEDGE NO.%I13v1X96l-4sE13s5*1N
S* METEPS* .
SIIIO~jXq8MNNIUM EDGE LENGIH(EDGE ?O0v3.1Xv*)-*qE13o5olX*
SONETESS)
*RITE(3*210) AVAREAJMAX*APAX*JMlhqAPPIN

210 FoaMATI/tl0.AVERAGE FACE AREA .1*E13ot!.I**SQ*METEPSow
S40IOX*6AXIMUM FACE AREA (PACE N~9l9X*-*l1o9~
50 sQ eME TERS**
SVO.MfoWINUM FACE AREA IFACE NC*9vI3q.1s4)-99El3o5olXv
SOSCoPEIEPSGI
wR[E4E39211) KPIN,RATtC*FACESP

211 FOfNAI(*f10X*M9It4IUM FACE 11EIGIIT TG BASE RATIO I
$FACE NC.U.13.lX.03u.1Eif3.!.4&/OX.4AVERAGE NUMBER OF FACES PER

s SQUARE MEVEP=%1EI3o5f
RETURN
E N C
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SUBROUTINE 'MAIRX(CV.OATNCC.NCCtN NSOUNCNNCOES.NEDGES*
SNFACESeNUNKNS. ITRAK.CI I

C IN TI-IS SUeROUTINE*WE COMPUTE THE MATRIX ELEMENTS AS DESCRIBED
- C IN THE REFERENCE SITED IN THE hCIEoFIRST bE CALCULATE THE

C POTENTIAL QUAN7ITIES OVER A SOURCE TRIANGULAR REGICN Al
C TIE CEPITRCID OF A FIELD TREANGLE.THEN WE PUT TIES
C QUANTITIES WITH APPACPRIATE VULTYPLING FACTCPS IN DIFFERENT
C FOOS D0 COLUMNS OF V-MATRIX.

INPLICIT CCMPLEX IC)
REAL COSsCABS
COMPLEX CV(NUNKNSeNUNKNSI.Cl(NLNKNS).HTHETA.HPHI
CCOPLEX CVTEMP(50*S03.CITE0P(!0l
COMPLEX CS(31.ETHETA.EPtI.IiX.HY.H4Z.HOCTT
DIMENSION DATNOC(NNODES&3)*TMAT(392)
INTEGER NCCNN(NECGES.3).NECUNCIISO.4).ITPAK(NEDGESI
COMMCK/KKKfAX*P I
COMMON/PARAMT'ETA.PII.IELO
CCPC/FIELC#ETHETA. EPI- I.ALAMOA
CCOMON/OIELEC/C IA*OIB
NFIELD=IFIELD
CI-CVPLXE 1.0.0.01
C2zCPPLX(2o0*Q.)

2 DO 1040 IOIE=192
C IE=SCRT(O lAD
IFIIOIEoEQo2) OIE=SORT(DIO)

C CALCULATE ELECTRICAL PARAMETERS
PI=3.1415g265
AK=2.0*PIALAMOA/SOPT(OIA 3*CIE
VEL=3.OE+*OE.DIE
AOMEGA=Air VEL
CCNSTI=CMPLX( I.OE-07.O.0)*CMPLX(0.0.AOMEEA)
CONST2=CMPLJX(.E.0g*0.Q)*CPPLX(Go0,1.OJACMEGA3I.0E4*2
AIMP--l20.0*PI/CE
C IMP-CMPLX EAIMPw..O
CONSTI=CGNSTI/CCIPP*CMpp)
CONST2=-CONST2/(C IMPOC IPPI

C CALCULATE HTHETA ANC #-PHI
MPH[-ETPETA/CIMP
I-T#-ETA=-EP- I/*C IMP
CTl=C*PLXfCCS(T-ETA 1,0.01
CT2=CMPLX(SIN(lHETAI .0.03
CPPII=CMPLX(COS(PII 0.0)
CP#412=CPPLX (SEN (P#4I io0*0l

C COMPUTE THE AMFLITL#CE OF INCIDENT MAGNETIC FIELD IN
C TERMS OF PX*HV AND IHZ.

HX=HTETA*CTI*CI- II-HPI-I*CPI-12
HVHTHETA*CTI*CPHI2,HPH I*CPI 1
HZ--HTHETA*C12
NSE-NEOGES-NUNKNS
Do 999 IJKuI.NFACES
IF(IJK.NEeIoANDoNFIELD.GTo13 GO TO 999

C CeTAIN THE EDGE NUMBERS CF THE SOURCE TRIANGLE.
I2whaUho(IjKq21
I3-NBCUNOE IJir.J)
I*mNBCUNCI IJK*41

C OBTAIN THE VERTICES CF THE SCUNCE TRIANGLE.
IF(NCONNfI2*2)*ECeCOh%(I3v21) GO TO 5
IF4NC0N%(I292l*EC.NCON4(II33) GO TO 5
hIENCOANE 12s3)
GC TC 6



5 hI=%CCP(12.2)GO0107

IF(N~h%(392)E~eC~hNI493)GO TO 10

GO TO it
10 h2=NCONN(1392)
It IF(NCONhI492)*ECeNCCI4N11292)1 GO TC 15

IF(NCONN(14v2)mEQmNC0t4N(12931) Go To 15
h3=hCCNh(14.3)
GO TC 16

*15 3NCONN(14.2)
16 CCtaIIIUE

C OeTAIN THE COORDINATES CF THE VERTICES CF TIE SCUPCE
* C TFIANGLE.

XI=CATNCO(t2)
WI=DAThCO(I 3)
)2=OATNOO(N2. 21
Y2-CAThCD(f-293
X3C0AThODCN392 5

C CALCULATE TPE AREA CF THE TRIANCGLE BY TAKING THE
C MAGNITUDE OF TIE VECTCF CROSS PFCCUCT OF TPE TUC SIOES.

APEA=ASSAP3)/2.0
c OBTAIN THE LENGTHS CF EACH SlOE.

P2MRIl=SaR1 C X2-Xl1)**2*CY2-fl 5*421
R31'R2M=SGRT ((X3-XZ )**2t('V3-V2 5*2)
RIWR3Kt-SRT(XI-X3 **2,(YI-Y3 54*21

C CSTAIN THE HEIGHTS CF EACh VERTEX YWITH RESPECT.TC
C TIE CORRESPONDING OPPOSITE EDGE*

C041=CMPLX(C2.O*AQEA.*R3MR2M. 0.01
CH42=CP'PLX(2.0*APEA/ORI NR3P.0.0
CH3=CMPLX( 2.O*AREA/R2MRIM.0.O)

C NOW CALCULATE THE PARAMETERS OF TIE FIELD TRIANGLE.
DO 499 tj1.NFACES

C OBTAIN THE EDGES OF TI4E FIELD TRIANGLE*
J2-N8CUO(I1.52)
J3=NBCUD(I .13)
J4=NBOUND(IJ94)

C OBTAIh THE VERTICES OF THE FIELD TRIANGLE.
IF(ICNCJ292)mEO.NCCNJ3v215 Ga VC 250
IF(NCONN(J2925.EO.NCONN(Ja3))3 GO TC 250
hJI=%C h%4.2. 3
GO TC 255

250 NJI=NCONN(J2*2)

255 IFCNCONK(J392)oEO.NCONN(J4%255 GO TO 256
IF(NCONN(J392)sECeNCCNNJ4v3l) GO TC 254
NJ2-NCONN4J.3.3)
GC TC 256

256 hJ2NhCCNh(j392)
258 IFfNCONN(J492)oE.NCONh(J2e253 GO TO 259

IF(%CChh(J4925.EO.NCONh(J2e3JJ GO TO 25S

GO TO 260
259 hJ3-NCChNIJ4925
2C0 COhTINUE

C DETAIN TIE CENTROID OF THE FIELD TRIANGLIE.
XI(DATNOD(NJI .21,DATNODINj2.25,OATNOCENJ3.25 3/3.0
Y=(DATNODCNJ1.3),DAINCD(NJ2.35*DAIN-CDENJ3.353/3e0

* C CALCULATE CCOPChENTS CF TIE TESTING VECTOR
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C CCRRESPONOING TO EACH SIDE.

TMAY(1.1)= (C ATNCC ( J2 .2 ) *ATPCC(NJ! .21)/2.O-
TMAT(1.2)=(CATNCO(NJ2.3)#CAThCCEI1J3.31)/2eO-Y
TNAT(2.l)=(OATN-CD(NJ3.2),DINCD~hjtel2)2.0-X
TNAT(2.2)=CATNCC(NJ3.3),CATNCD0(NJI.331o2.a-Y
TMAT(3.1)=(OATICC(N J1.21,OflNCC(NJ2.213/2.0-X
TMAT(3.2)=(OAT-CD(NJ1.93),OAThCO(NJ2.33 )/2.0-Y

C OETAlN TH9E COORDINATES OF TIE FIELD TRIANiGLE*
XJICDATNCO(NJI .2)
VJI=DATNCD(NJ 1.31
XJ2OCATNCD(NJ2*2)
VJ2ODATNOO(NJ2 .3)
XJ3=DATNOO(hJ3s2)
YJ3.OATNCD (NJ393 I

C OBTAIN THE LENGTH CF THE EACH SIDE&
CS(1)=CldPLX(SORT((XJ2-XJ3)4*2,(VJ2-VJ3)0*2).O.0)
CS (2 )=CPLX (SCR ( (XJ3-XJ1)S*2,( VJ3-IJ *02) .0. 0
CS(3I=CPPLX(SCPT((XJt-XJ2)**2,(YJI-YJ2)**21.0.0)
IF(NFIELOahEo11 GC TC 281

C CALL TI-E SUBROUTINiES TO COMPUTE THE INTEGRALS.

CALL SCAINT(Xl.Yl.X2.Y2.X3.Y3.X.Y.CPHZ.AREA)
CALL VECIhT(Xlo .E1X29Y2.)(3oV39X9V9
SCAXSI*CAETAeAREA)

281 1v0o
C COMPUTE THE VECTOR AND SCALAR PCTENTIALS ASSCCIATEO WITP
C EACIH EDGE OF TH-E SOLACE TRIANGLE.IF ANY OF THE THREE EDGES
C IS A SCUNOAPY ECGE*TH-EN TI-E CURRENT COEFFICIENT OF THIS EDGE

C IS ZERO AND HENCE THE POINTER JLPPS CUT CF TPE LOOP.
C HERE CAX9CAY AND CAZ ARE THE VECTCR POTENTIALS
C IN THE XeY AND Z-OIFECTIONS RESPECTIVELY.

00 440 1K=1*3
IF(IKwE~o.1 11=14
IF(IK*EC*2) 11=12
IF(IK.EC.3) 11=13

IF(hSE*EC.CI GC TO 288
DO 285 J1.sNSE
IF(IIoE~oI7RAK(J)I GO TO 460

285 CCbTINUE
DO 2e7 K1.NSE
IF(I1.GToITRAK(K~i GO TC 288
GC TC 288

286 K1=Kl*l
28? CONTINUE
288 lFglK.E~o2) GC TO 300

IFCIK*EO.1) GC TC 310
CFLAG-C I
IF(NCONN(1I.2).E~ON2.AND.NCONN(I1..31.Ea.NI CFLAG-CI

CAXuCFLAG*(CMPLX(XI-X3.0.03*CPHI4CNPLX(X2-X1.0.01*CAXSI
9.C0PLM( X3-.%I.0CC)*CAEIA1/CH3
CAY-CFLAG*(CMPLXI-V13.0.01*CPHI*CNPLX(Y2-Yl.0.0I*CAXSI
SCWPLXCY3-Y1 .0s0)$CAETA I/CH3
CSPCT-CFLAG*CCh5T2*CPH I$C2/CP3
GO TO 375

300 CFLAG-CI
IFINCONNI 11.2)oE~o.IiIAND.CCNN(II.3).E~o.I3) CPLAG--CI
CAXNCFLAG*ICMPLI(X)I-J2.0.0)CPHICMPLX(X2-XN1.O)*CAXSI
S+C0PLX(X3-XI .0.0 *CAETAI/4CHI
CAV-CFLAG*ICPPLfl V1-Y2.001*CPHICNPLX(Y2Y1.0.0O)*CAXSI

$+CPPLX (Y3-YIe0o.0 CAETA).*CH2
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CSPOT=CFLAGSCCNST2*CPH I*C2/*CH2
CC TO 275

310 CFLAG=Cl
IF(NCHN(I.2.E~o.3AN*tCONN(i.3).E~o.2I CFLAG-CI
CAX=CFLAG*(CMPLx(X2X1.0.0I*CAXSI-CNPL~tX3-Xl.0.0)*CAETA)/C*1
CAY=CFLAG*CMPLX(T2-VI.0.01*CAXSICNPLX(V3-YI.0OO*CAETAI/CHI
CSPOT-CFLAG*CCNS2*CPHIC2.C41

375 CONTINUE
IV=IV*1

C COMPUTE THE TESTING VECTOR ASSCCIATEO WITH EACH EDGE.
C AGAIN IF ANV OF THE EDGES OF FIELD TRIANGLE IS A BOUNDARY
C ECGE TPEN TPE POIhTER JUMPS OUT OF THE LOOP*

DC- 450- IR= 1.3
IF(IR.E~o.) Jl=J4
IF(IR.EO.2f Jl1J2
lF(IR.EG*31 J1=J3

EF(hSEeEC.o) GC TO 405
DC 390 J1.eNSE
IF(J1.E~o.IRAK(J?) GO TC 450

390 CONTINUE
DO 399 K=1.NSE
IF(JI.GT*ITPAX'*K)) GC TO 3S7

GO TO 405
39? LI=Ll*1
355 CONTINL-
405 CTI1CMPLA6 PAT4IR.1J.0s0I

CT2-CVPLX(TdAT (IA%2 1.0.0)
C COMPUTE THE DOT PRCOUCT BETWEEN THE VECTOR PCTENTEAL
C AND THE TESTING VECTOR*

CTEPCCNST 1* CAXSC1E fCdV*CT2?
ARGMNT=X*SINITHETA)*CCSEPHIJYV*SlN(THETDI*SIN(PHI)
CARG=CMPLX(0*0*-AK*ARGN)
I4CTTHXOCT1*,VSCT2
CHTEPP=HDCT1*CEXP £CARG)
IF(IRoE~oI) GO TO 420
IF(IRoEG.23 GC TO 430
CFLAGC I
IF(NCONH(JI.2).EC.NJ2.AND.NChtNJI.3).EC.NJI I CFLAG--CI
CC TC 440

420 CFLA6=Cl
IF(NCONIN( Jl.2).E~oNJ3.ANDoNCCNNEJI.3)oEC.NJ2I CFLAG--Cl

GO TO 440
430 CFLAG=CI

IFINCONN(JI.21.EQ.NJ1.AN~ONCCNN(JI.31.oEC.NJ3I CFLAG--C1
440 IF(NFIELDehE.I3 GO TO 442

CV(j1--Li.II-KII=CY(JI-Llol-KlICFLAG*(CTEMP-CSPT)*CSE KRI

442 IP(IJKoNEwleORoIV.GT.1) GO TO 450
CI(J1-LIi=CI(J1-LI *CFLAG*CSI ERI*CHTEMP

450 CONTINUE
460 CONTINUE
499 CCNTINUE
999 CONTINUE

IFIF'FIELDoNE*1) GC TO 1005

00 1000 tinl.NUNKNS
DO 1000 J-19NUNKhS

1000 CVII.J)-CV(IsJ)$*CPLX(4o090e0l
1005 00 3010 EI.NUNKNS
1010 CI(I)-CIEI)*CMPLX(2o090o0)

IFEDIA*E~oDIBI GC TC 2000



IF(IOIEoEC*21 CC VC 1025
DO 1020 1-IvhUKFS
0D 1015 J1.INU4KNS
CYIEMP(l.JICY419.#C2

1015 CV(1,jI-CPPLXi(C*G001
CITEMPI 13C It I )

1020 CE(33CPL((0600.0)
Go To 1040

1025 DO 1035 11NUNgthS
DC 1030 J=19NUNNNS

1030 CV(Iej)=CV(IejlIC2+CVTEPFCIJl
1035 C1(IE-CITEPP( 1
1040 CCNTIhUE
2000 AEIU~t'

END
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SUBROUTINE VWItCCICY.DATNC.NCONN.NBOUNC.NNODES.NEDGESNFACES.NUNK
IS.ITRAK.NJLiC.S IGNA.OELDIETIICI

C ThIS SUBROUTINE CALCULATES THE ADDITIONAL TERM IN THE ADMITTANCE
C MATRIX WHEN WE COVEp THE APEPTUSE WITH A CLOSSY) DIELECTRI4C SH4EET.

IMPLICIT CCPPLEX (C)
REAL COS*CADS
CCOPLEX CY(NUNMSqNUNXNS)qCS(3)
DIVENSION DATNC0(tNNODES*Z3.TPAT(3*2)
INTEGER NCONN(NEOGES.33.NSCUND( )!0.4).ITAKNEDGESI
INTEGER NJUNC(t4EOGES.31
COMPOI4/PARAM/fTHETA .PHI.IFIELC
COMMON/FRE.#AOMEGA
PI-3*14159265
CONST=CMPLX(SIGMA.AOMEGAOCELOIE/(36ePI.I.OE*093)
CONST-CONST*CMPLX( IHICKv0.oI
CI-CMPLX~la0*0e0)
NFtELDIPFIELD
1V-0
NSE=NEOGES-NWNK.S
DC 999 I-I.NEOGES
NFI-NJUNC( 1.2)
hF2-htJUhC £1.31
IFCNF2oNEo0) GC IC s8e

CCO 999q
sea 00 499 U12

j2-NBOUN0(NFI .2)
IF(M.EQo2) J2=NBOUNO(NF292)
J3-KBUN(F1.3)
IFCMoE~o2) J3=h8CLND(KF2*3)
J4-NUOUND(NF 1.4)
IF(MeEO.21 J4-heCUNC(INF2*4I

C OBTAIN THE VERTICES CF THE FIELD TRIAFGLEo
IFfNCONNtJ2v2).EQ*NCONN(J3*2)3 GO TO 2lC
IF~hCChN(J2v2).EO.NCONN(J393J) GO TO 250
kJI=NCON%(j.2.3)
GO TO 255

250 hJI=KCONJ2*21
255 IF(NCCNN(J3v2)*E0.NCOft(J4*2)) GC TC 256

IF(NCONtN(J3v2).EO.NCONN(J4*31) GO TO 29t
NJ2tCCNN(j3e3)
G0 TO 25e

256 kj2-NCONN(j3o2l
2se IFdCONN(J4*2J*E0.NCQNN(J2*2)) GO TO 25%

IFdNCONN(J492).EO.NCOI.I1J2*3)) GO TC 259
NJ3-NCONNtJ4*3)
GC TC 260

259 NJ314CONN( .4.21
260 CONTINUE

C CeTAIN THE CENTROID OF THE FIELD TRIANGLE.
X-(DATNOOtbJI .21.OATNCO(bNa2.21.OAT#CCrJ321f33O
V-I0ATNODItdJl.3)*VATNODENJ2.3).DAThONJi3 3/j3.0

C CALCULATE COMPONENTS OF TI'E TESTING VECTOR
C CORRESPONDING TC EACH SIDE.

IMATI1IIm(DATNOD(NJ2.2)4DATNCO(NJ3.23)/I.0-X
TMAT41o2)u(DAut.CC(NJ2.3l4CATNCD(NJ3.3i3J2.0-V
TMAT(2. I)7&EAThCO(NJ3.2)*OATPNCDESJI.2) 112.0-X
TMAT(2.2IDATNO(NJ331DAINhDNJ.31i'2.O-V
UMATIJeti (CATNC(NiJN.2D4CATb4OD(NJ2.2i)d2.O-X
TMAT(392)a(OATICD(NJlJ.)*DTNCOENJ2.3)1i2.0-V
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IFfeIEO.J2) IIV-1

C GT~tk TAE OORINAESOF U64E FIELD TRIANGLE*

XJI-DATh0(NJI.e2)
YJI-OATNOD4NJIs3)
XJ2=DAThO(J292)
YJ2-DAINODCNJ2 .3)
XJ3=DATNOD(PmJ3921
YJ3-CATt.CD (NJ3.3 I

C Ce0IAIN THE LENGTH CF THEE EACH SIDE*
CS(1 JzCMPLXlSOPIE(XJ2-XJ3)**24(VJ2-VJ31**2).O.03
CS(2)-CMPLXICOTI (XJ3-XJSI 5*2*(J3-VJ55*2) .0.03
CS(3 )CPPLX(SCI;T((XJI-XJ2)**2*IYJI-VJ2 34*2) .0.0)

AREA-ASS(AR315/2.0
C COPPUTE THE TESTING VECTOR ASSOCIATED WITP EACP EDGE*
C AGAIN IF ANY OF THE EDGES OF FIELD TRIANGLE IS A BOUNDARY
C EDGE TI-EN THE POINTER JUMPS OUT OF THE LOOIP&

DO 450 99=10
lf(IR*E~o.1 JlIJ4
IF(IR.EO.2) J1=J2
IF(IR.ECe3) Jl-J3
I 1=0
If(NSE.EQ.0) GO TO 40e
00 390 J=19KSE
IFIJloECoIlRAXIJ)) GO IC 450

390 CONTINUE
DC 399 X-19PSE
IF(JIoGTsITRAX(W)) GO IC 391
GO TO 405

397 LI-LI*I
359 CONTINUE

405 CTI-CMP' X(TfMAT(III.I3*TMAT(IIVel).0s03
CT2-CPLX(TNAT(1R.2)*TNAT( II~i23.0.01
CLCA=CS(1RI*CS( IIV)/CUPLX(4*APEA.O.01
IF(IR*EQ.il GO IC 420
IF4[RoEQ.21 GO TO 430
CFLAG=C
IF(NCONW(J1,2).EC.NJ2.ANO.NCCNN(JI.33.ECeNJII CFLAG--CI
GO TO 440

420 CFLAG-Cl
IF(NCCtN(IJI.23.EO.NJ3.ANO.NCCN4Jl.33.EQehJ2) CFLAG6-CI
GO TO 440

430 CFLAGwCl
IF(NCONN(I 2) .EO.NJI.ANO.NCCON(JI.3 I.EG.NJ33 CFLAG--Cl

440 If(NFIELD*NE.Ii GO TO 450
CY(I-IvojI-LI )-CYEI-IV.Jl-LI),CFLAG*CONST*CLOA*(CTSCT2I

450 CONTINUE
460 CONTINUE
499 CCbTINUE
999 CONTINUE

RETURN
END
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SUBROUTINE MAGCtA(CV.OATNCNCONN.NBOUN~oNNOOESoNEDGES.
SNFACESKUN~kS9.I71AA93

C THIS SUBROUTINE COMPUTES THE MAGNETIC CHARGE DISTRIBUTION ON THE APERTURE
C APEAoT&IE CPARGE DENSIT IS 1 COMPUiTED AT TPE CENTROKDO F
C EACH TRIANGLE.

IMPLICIT CCMPLEX CC)
REAL COS9CABS
CCOPLEX CvfhUI~NsI.CS(3l
DIMEN4SION OATNCO(NNODES931
INTEGER NCCANCNECGES..33.N5CUID~lCo043.TRAK(NEOGES)
COMMON4/KK/AKoPI
COMMON/C IELEC/0 EA.D 1
CICPLX( 1.0.0.0)
VEL-3.OE*06~scRT(0I 53
AOMEGA-AK*VEL
CCSTI=CtPLX(O0 I .0/ACPEGA)
CIIARGE-COPLII(0.090*03
ARlTE(3. 101)

101 FGRMAT(91'.4//'25XvoSURFACE MAGNETIC CHAPGE**/&/)
WRITE(391021

102 FORMAT(IX94FACE NUMBER9925X98MAGNETIC CHARGE DENSITY (NEBS/0-M10)
VRITE(3*103)

103 FOPMAT(/20X*.REAL.11X'IMAGINARY.8X*PAGITUO.oXesPASE)
NSE=NEDGES-NUNKNS
0O ggg Ijx=1.NFACES

C OBTAIN THE EDGES OF THE TRIANGLE*
12-NBOUND( IJK92 I
13AbBCUhD( IjIC3i
14=NBCUNO(IjK*3)

C OBTAIN THE VERTICES CONNECTED 70 THESE EDGES*
IF(hCCNN(I2s23.EC.NCONNII3s21J GO TIC t
IPIHCONN(1292lsEO.NCGWN(I3o3ll GO TC 5
N lNCONN( 112.s3
GC TC 6

5 hg:NCGNNEI2921
6 IF(NCONN(I3s23.E~oNCONNII4s2J) GO TO 10

IF(NCCNNEI3.21.EC.NCONNEI4.3)I.GO TO 10
h2F4CCWN(I3v3)
GC TO 11

10 h2NCONN 13.23
11 IF(NCONN(14*2loEC.NCONI2921) GC TC 15

IF(NCONN(I4*2loEO.NCONN(I2o33) GO TO 1!
h3NCChkI 14.3)
GO TC 16

15 N3-NCONN(14*2)
16 CCNTIKUE

C COMPUTE THE COORCIATES OF EACH VERTEX.
XI-DATNOO(N 1.2)
T I-CAT hOO (N I 33)
X2wOATh0O(h2s2)
Y2-OATNOO(N2931
X3O0ATGO (Ihi2 I
V3inOAThOO(N3*31

C CALCULATE THE AREA OF THE TRIANGLE.
AR3U(X2-X13.(T3-V1 3-(X3-X13*(V2-Vi)
AREA-ABSCAP3)/29O

C CALCULATE THE LENGTHS OP EACH SIge.
R2PR1MmS0PTI4X2-X1 3**2*EV2-VI 3*02)
R3MR2PuSORT( (X3-X2 I**2*(Y3-VR 30*23
RIMR3P=SQRTI (X1-X3)**24(YI-V3 3*23
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CS63)=CwPL3I(2N~1N90*0)
C COMPUTE THE MAGNETIC C14ARGE DENSITY ON THE TRgAt'GLEs

CSUV-CNPLX (0.0.0.0J
O 460 19=10
IF(IK.EQ.I1 11=14
IF(IK.EC.21 11=12
IF(IK.EO.3) 11-13
KI=0
IF(NSE.EO) GC TC 288
00 285 J=1.NSE
IFI10EOIIRAKCj)) GO 10 AGO

285 CC~tTINUE
OC 287 K=1.ASE
If(11.GIRAK(KJ) GO TO 218
GO To 288

2e6 KI-KI*1
287 CONTINUE
288 IFIIKoEQ*2) GC TO 300

IFIIK*EQ.1) GO IC 310
CFLAGC 1
IF(NCONNEli.2).EQeN2.AND.NCC?(11.3I.E0.N1) CFLACG-CI
GO TO 375

300 CFLAG=CI
IFINC0NNIIl2).E~oNI.At4oNhCCNN(1193).E0.N3) CFLAG=-Cl
CO TO 375

310 CFLAG=Ct
IFINCONN(11.2IeE~oN3.AIO.INCCNN(11i,33.E~oeb2) CFLAG--CI

375 CCNT1NUE
CSUM-CSUMCPLAG*CChSTI*CS(IKI$CV(11-K'I)

460 COPIINUE
ChCEN4CSUM/CPPLX( AREA. 0.0)
RAI-PEAL(CEN 3
RA2-AIMAG(CHDEN)
RA3=-CASS(CPOEN)
RA4-ATAN24FA2.PA1I
ORITE(3*5011 IJKt.PA19PD2*PA3*PA4

501 FOPMAI(2X.14.6X.1El3.5.2X.1E13.S.2X.1E13.S.2X.1E13.5.,)I
CM APGE-CPA PGE*C SUP

999 CONTINUE
WAIIE43*5021 CHARGE

502 FCGPAT(#f'/#/1oX%6TCrAL MAGhETIC CHARGE ON THE AREA- (*92El3o!.IXo

RETURN
F N



SUBROUTINE TRANCS(DATNOD.NCONN.NSOUID.NNODESoNEOGES.NFACES* 
7

SNLNKNS*CV.ITRAK*CIM)
C IN THIS SUBROUTINE. THE TRANS CROSS SECION IS COMPUTED AS A

S C FUhCTION OF SPIHERICAL COORDINATE ANGLES Tf*E7A AND PHI.
C PHIl AND PH12 REPRESENT THE INITIAL AND FINAL VALUES OF PHI
C AND NPHI REPRESENTS THwE NUmeE OF DIVISIONS IN PHI DIRECTION.
C SIMILARLY THETAI AND THEIA2 SEPRESENT IKE INITIAL AND FINAL
C VALUES OF THETA AND NTHETA REPRESENTS THE NkMSER OF DIVISIONS IN
C TH4ETA DIPECTIONoTtHUSP THIS SUeSUTINE COMPUTES TRANS CROSS SECTION
C FCR NPHI X %THETA VALLES CF TP4ETA AND PPHI.

IPPLICIT COMPLEX C)
PEAL CGSoCABSCCNST
COPPLEX CIN(NUNNNS)*CV(NUNKNS.O4MT9HPP
OIPENSION DA'NOCINNODES931
INTEGER ICCNN(NEGES.3).NBOUNDCIISO.43.ITRAK(NEDGES)
CCPPCN/FHENCI/FNIC
COMMON/KKK.4AK*P I
CCP PC N/POLARNM/HMTv S-MP
COPHONfDIELEC/C IA.DIB.
READ(l,195)PHEI.PH12eNPHI.THIETAI.THETA2NTIETA

195 FORMATI2F7a2eI23*2F7.2eI3)
WPITE(3*1961

196 FOPMAT(*1 .//i'1,20X*9APERTUPE TRANS CRCSS 5ECTION/SCWwL9.'/d)
WRIME3. 3971

197 FOPUATC5X.OTHETA(OEGREES.S9X.OPHI(DEGREESI%95X.
S3X**TRAWS CROSS SECTION (SC*NETEAS/SG*PETEPSl*J
DPPI=(PHI2-PHII )/FLOATENPHI)
OTHETA=(THETA2-THETA1 )/FLOAT(NTHETA I
hTHET=NTHETA* I
NPt-NPHI*I
DC 999 II=1.NTPET
THETA=THETAIPLCAT(1(-I )*OTtETA
THETA=THETA*PI,# 180.0
00 998 JJ=1.NPH
PHE=PHI I+FLOAT(JJ-1 i*OPI
PHI=PHIOPI/leC.C
ALAPDA-2 P I/AK
A0PEGA-AK*3eOE#0@/SORTt(DES)
CONST=CAOCMEGA/(36*PZJ I*I.oe-C9*DIB
CONST-CCNST*42/(e*Pt)
CALL MEASUF(CIM.TtfETA.PPHI.DTNODsNCCNN.NSOUND.NNODES.
*NEDGES*NFACES.NUNKNS. IlRAK)
CTCS=CXPLX (0.0. 0
DO 49 IJK=1.NUbXNS
CTCS=CTCS+CEM( IJKI*CV(iJK)

499 CONTINUE
TCS(ICABS(CTCSD 3**2*CChST
TCS-TCSALAIDA**2
TCS=TCS/FHINC* 02
IHETAD=THETA* I80o01PI
PHID-PHI*I80.o0/F
WRITE(399I1) TIETAD.PHIDiTCS

991 FORPATI/3X.1E13.5.4X.1El3.5.12X.1E13.5I
998 CONTINUE
999 CONTINUE

IF(CABS(HMT)wE~oFLOATEI~l GC TO 1000
IFfCABS(HMP)oEC.FLCAT(I)) GC TO 1010
GO TO 1020

1000 wRIIE(3910051
1005 FORMAT4//3X*QTCS##S0.W*Lo OF THETA POLARIZATION MEASUREMENT.*0
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GO TO 1020

1010 IMRITE(3910151
1015 FCRVAT(//'3X,4TCS/S~o~WLo CF Pg-I POLAPIZATION MEASUREMENT.')

- 1020 RETURN
ENO
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SUBROUTINE MEASVR1CIN.THETA.PHI.DATNOO.,NCNNeouND.NNODES,
SN*ECGES.NFACESNUN(NS,ITR;AK I

C THIS SUBROUTINE COMPUTE THE MEASUREMENT CUPPENT VECTOR,
IMPLICIT COMPLEX IC)
REAL COS9CA0S
COMPLEXC CI%(NUhKNS) .HMToHYP
COMPLEX HX.H-YvPZv1DOTI.CS(3)
DIVENSICN DATNCC(NNO0ESs33.TMAT(3v2)
INTEGER NCCNN(NEDGES.33.IBCUNO(150.43.ITRAK(IECGES)
COMMONd/KKK/A( P I
CCPI.CN/PGLAM/I41iTe4PP
COPMONi'DIELEC/OI A*DIS
CI=CMPL~t .0.o.C I

C
DO 2 11.F4U1%KNS
CIM(I J=CMPLX(0.0.0C.0)

2 CCNTINUE
CII=CPPLX(CCS(TPE7A)90.03
CT2-CMPLX(SIN( TtE7A 3.0.0)
CPHI1=CPPLX(CCS(PlI 3.0.03
CPH12=CNPL(Sl(P"4I v0.03

C
HX=HMT*CT 1 *PH I -HMPSCPNI 2
HY=HNT*CT I CPH 12*PMP*CP#4I t
HZ=-#MT*CT2
NSE=NEDGES-NUNK.S

C
C NOW CALCULATE TPE PARAMETERS OF TPE FIELD TRIANGLE.

00 499 iIINFACES
C OBTAIN THE EDGES OF THE FIELD TRIANGLE*

J2*NeCUhO( 14.23J
J3=N8OUND( 15.33
J4=N8OGUNO( 1J44

C OBTAIN THE VERTICES OF THE FIELD TRIANGLE.
IF(NCONN(J2w2)oEG.NCONN(J3*23) GO IC 250
IF(NCOPNEJ2o23.E~oNCONNlJ3s3)3 GO TO 25C
AJItNCONto(J293
GO TC 255

250 NJI=NCONN(J292)
255 IFlhCCNN(J392)oEO.NCONNEJ4v233 GO 70 25t

IFENCOhk(J3923.EO.NCCN(J4s333 4C TC 254
NJ2=NCONN( J33
GC TC 258

256 kJ2=hCCNN(J3*2)
25e IF(NCONN(J492)*EQoNCONN(J2v2)) 40 TO 259

IF(NCCNN(J4*2)aE~oNCONNIJ2.33) 60 TO 25S
NJ3NhCNNIj4o3 3
GO TC 260

259 NJ3=%CCNNCJA.2)
260 CONTINUE

C OBTAIN THE CENTACID CF THE FIELD TRIANGLE.
X=(OATNOO(NJI.23,OATNOD(NJ2.21,DAThODCNJ3.233/.3.0
VAEOATNCD(NJ1.e33,CATNGC(N23,OATO0(NJ33.3 )/3*.Q

C CALCULATE COMPCNENTS CF THE TESTING VECTOR
C CORRESPONDING IC EACH SIDE.

TOAT(1.II=(CATN4CC(NJ223,CATNOOD(NJ32))42.C-
TMAT(19 2)=(CAThrOV(N 2.3 I*OATNCOIN~j3.33 /2.0-V
TMAT(2. I1=IDATNkCD(N43.2)4CAINCOINJI.23 )/$2e-X
TMAT(2.21-(ATCCEJJ33,CATNCCINJI.33))/42o0-V
TMAT(3.3I.(OAVNCOINJI.2),OATNCOINJ2o212.0-X



IHAT( 3*2)=(C AT %CC ( hjj 3).DAThCENJ2.35),2oo-v8
- C OBTAIN THE CO0ROINAIES OF Tl"E FIELD TRIAhGLE.

XJI=CAT KOO (NtJ1 *2
YJl-DATOO(NJI.3)
XJ2=DATNOO(NJ2*21
VJ2ODATNCD(NJ293)
XJ3DATKtOO(hJ392)
V J3OAT OD (Nj3o3 )

C OBTAIN THE LENGTH CF THE EACHSIE
CS(5J=CNPLXESORT((XJ2-XJ3)142,#VJ2-VJ3)e*2).o*oJ
CS(2b=CNPLX(SORT(XJJ3-XJI$*2,(VJ3-VJI5O*2)e0.05
CS(3)=CMPLX(SCRT( (XJI-XJ2 )**2,EVJI-VJ2)002).0O)O

C COMPUTE THE TESTING VECTOR ASSOCIATED WITH4 EACH EDGE.
C AGAIN IF ANYV OF TPE ECQES OF FIELD TRIANGLE IS A BOUNDARY
C EDGE THEN THE POINTER JUMPS OUT CF THE LCCP.

DO 450 IR193
IFIIRoEC.1) J41J4
IFEIR.EO.2) JI-J2
IF(IR.EQ.3) JI=J3
L 1=0
IF(NSEaE~o0) GC TC 405
DO 290 J=19NSE
IF(J1.E~o.IRAK(JII GO TO 450

390 CChTINUE
DO 399 Kwl.NSE
IF(JI.GT*ITRAK(K)I GO TO 397
GO TC 405

397 LI=LI*t
399 CONTINUE
405 CTI=CNPLX(TNAT(I&*I)s0*OI

CT2-CXPLX( TMAT( IR92 .0.0)
C

ARGNNT=X*SIN(Ti ETAD*CGS(PHI)*V*SIN(TH4ETAIeSIN(PHII
CAPG-CXPLXf 0.-AIC*AAGMhT S
HDOTT=HXOCI 1*HYC12
C HT ENP= ND CT*CENP iC ARO I
£FCIR.EC.1) GO IC 420
IF(1R*EQ.2l GO TO 430
CFLAG=CI
IF(NCONN(JI.2) .E~oNJ2.ANO.NCONN(Jt.31.EC*tJi I CFLAG--CI
GO To 440

420 CFLAG-CI
IF(NCONN(J1.21.E~o.J3.ANO.N-CCNN(JI.33.EC.NJ2) CFLAG-C1
GO TO 440

430 CFLAG=Cl
IFINCONNIJ1.21.E.I'JI.AND.NCONN(JI.3).EC.NJ3I CFLAGU-CI

440 CONTINUE
CIM(JI-LII=CIM( JI-LI )4CFLAG*CSIIR)*CHTEMP

450 CONTINUE
460 CONTINLE
499 CONTINUE
gg9 CCNTINUE

Do 1000 II.NhUNhts
1000 C IN(I)-CIME Il*CfNPLX(2*Q9C.0)

RE VUilh

EhC



SUeAiUi tNE SCAINT(KI.YI.E2.'V2.N3.V3.X*Y.CPHI.AREAI 
8

C THIS SUSROUTINEsbilto THE IHELP CF SUBPCUTIAE IATGPL*
C EVALUATES TPE SCALAR POTENTIAL INTEGRAL CVEF A

- C TRIANIGULAR REGION* FOP OETAILS*PLEASE REFER VC THE NOTE.
IMPLICIT CCMPLEX CC)
REAL CABS9COS
CCNVCNfKKK/AK. RI
CC&MN~dVEC/XSI(71 .ETA(7)
xS It 1)=100&4300
XSI (2)0.o0q7 158?
XS#431=0.470142045
XSI(41=XSI (3)
XSR (S )=O.79742699
XSI (G10. 10I28e5t

ET*(IS=XS1(1 I
ETA(2.=XSI (3)
ETA(3)=XSti2l
ETA(e )=XSI(4)
ETA(61=XSI Le)
ETA(6 )=)ES (5)
ETA4 7I=XSI(?)
CFaCMPLXII0.Q0 00
00 120 1-1*7

P2=((YVY)-(V2-VI)*XSI(I)-(V3-YI)*ETA(I))*2
R-SGRT(RI+F2)
C4RCMPLXlC.0.-la0*AK*R)
IFfCAIS(CR)eLEolo0E-0d) GO T0 102
CF1=(CEXP(CR)-CPPLX(1 .0.0.0IJ/CMPLXER.0.0)
GO TO 103

102 CFI=CMPLX(.0-A()
103 IF(IeE~o.) GC TC 105

IF(1.EG.2wOR.1.EQ.3.ORa1.E~o4) GO TO 110
CFmCF#CFI$CMPL.X(.1259392.0.0)
GO TC 120

105 CF-CF+CFI*CMPLX(0*22S*0*0)
GC TC 120

110 CFwCF+CFl*CMPLX(o1323942s0oGV
120 CONTINUE

CALL INTGRL(XI.VI.X2.Y2.X3.V3.X.Y.PCT.APEA)
CPHIaCF*CPPL~( AREA .0.0)4CMPLN(PCO 0.)

150 CONTINUE
RETURN
END



SUBROUTINE VECINT(Xt.VI.X2.f2*X3%V39 
8

SX* Y9CAXSI .CAETA .AREAI
C TIlS SUOROUTINE*WlTI- THlE HELP OF SUBROUTINE LIIhT9
C EVALUATES THE WECTCF POTEhTIAL INTEGRALS CVEA A
C TRIANGULAR REGRON.FCR DETAILS*PLEASE REFER TO THlE NOTE*

IMPLICIT CCWPLEX (C)
REAL CABS.CCS
COPMOf40KKK.4AK.P I
CCU'PGI/VEC/XSI (7) ETA(71
CF=CtiPLX(O.00O)
CG=CMPLX( 0.0.0.0)
CC 120 91,7

A-SORT(R14P2D
CR-CXPLX(0*0e-I .0$AK$R)
IFdCABS(CR)eLE..o0E-06) GC TC 102
CA=(CEXP(CR)-CNPLX( 1.0.0.0) )/CMPLX(R.0.C)
CFI=CMPLX(XSI( K) .0.0*CA
CGI=CMPLXCETA(I )90*0)*CA
GO TO 103

102 CFI=CMPLX(0.0.-AKSXSI(Z))
CGI=CMPLfl O.09-AIC*ETA(I))

103 IFEIaE~o.) GC TC 105
IF(K.EO.2sOR.1.EO.3sORoI&ECe4) GO0 To10t
CF=CFCFI*C0iPL 34. 1259392. 0. 0l
CG=CG*CG I*CMPLX I .12E9392.00
GC 10 120

105 CFwCFCFI*CMPLXlO.22590o0)
CC=CG+CGl*CMPL3I(0m225s.0C)
Go TIC &20

110 CF=CFCFI*CI'PLX(ol323942*0*01
CG=CG#CGI*CMPLX( .1323942.0.0)

120 CCNTINUE
CALL LININT(X1.Y1.X2.Y2.X3.V3.X.Y.PCTXSI.PCTETA.AREAI
CAXSI-CFCMPL((AREA.0.0)*CMPLX(PCI3SI .0.0)
CAETA=CG*CWPLX(AREA.0.0 )*CNPLN (POTETA.0.0)

150 CONTINUE
RETURN
END



SUBROUT INE LINIhTIXI .YI X2vV2*X3sY3*XsV9 84
SPOTXSI*POTEIA*AIEA 3

C THIS SUOROUTINE*WTI- THE HELP OF SUBROUTINE INTGALsEVALUATES
~. C XSE/R AND ETA/P INTEGSALS CVER A TRIANGULAR REGION. THE

C QUANTITIES DEFINED HERE ARE SAME AS THOSE USED IN THE
C REFERENCE SITEC IN TtiE NOTE*

COUPON/PGTEN/PCIa
A= (X 2- Xii..2*1 V2-Vl* *2
BECX3-XI )**2#4Y3-Vl 3*02
C=-2.O*t 4X-X&3* (X2-Xa 3G4Y-yV)*tY2-Yl ))

E=2.0*((x2-X33.(X3-,ca),1Y2-,aI.CV3-yaI,
Fs(X-XI)*0*(V-Va 5*42
A1(420*-C*-E*SNT(.OGF)(2O*AC-O.E)*SORT(AC.F)
A2=4*0*(A,6-E)
A3-Al/A2
A4=4.0*IA*C)*( B4D*F)+*0*F*(!-C-EJ-(C.OE3**2
AS=S.0*SQRT( (A*B-E)0*33
A6 A 4/A5
IF(ABS(AG1.LEelsOE-04) GO TC 5
ALI2.O*SQPT(AE-E)*SORTr(eDF)
AL2-2.0*SQAT(A*S-E i*SGPT(A*C*Fi
AL3=2. 00-C *D-E
AL 42.0 *A C-O-E
AJI-A3,A6*ALCGIAeS((AL1,AL35/O(AL2-AL4)3)
AJ3=A3,AE*ALCGCA8S((A12,AL4)/*(ALI-ALIIID
GO TO 6

5 AJI=A3

6 01-SORTC A fC+F
*-( (2.0*A.C3.eI-C*SQRTIFI 3/ 4.0*A I
ANUP-ABS(2o0*SCPI( A)*81*2.0*A4C)
DEN-ASS(2. C*SQRT(A*F)*Cl
IF(ANUM.LEoI.OE-04) GO TO 10
IF(OEt4.LEeIeOE-041 GO TO 30
B3ZAS(2.0*SCPI(A)*S1.2.O*AC)/12.O*SCPTEA*F),CDI
A03=ALOG(83)
Aj4=12*(4.O*A*F-CG*2)*AB3/Ee.OeSORT(Ae*33)
GO TO It

t0 AJ4512
a1 *4=ScRTIS4O#Pi

85=( (2. 0*B,03*E4-0*SQPT (F))3/(4.0*e)
ANU~M-ABSI 2.0*SORTIS)*54*2.C*D*o)
DEN-A8S(2.0*SQAT(e*F 3.Cf
IF(AhUM*LE~i.0E-04) GO TC 15
EF(DENeLEeI.OE-04) GO TO It
06mABSI (2.0*SOPT(lS*fl42*9*O I/I 2.O*SORTI 8*FP3D)
AIG=ALOG (563
AJ2BS*(4. 0*B4P-D4*23*A16/f(e.*OSQRT (8*033
GC TO 16

15 AJ2-85
16 CONTINUE

POT-POT 1/12.0*APEA)
ARI-2 0*8*1 AJ -AJ2)-E*(AJ3-AJ4)
AR2=(2.*API-(2*B**C-E*O)*POTP/*(4.0*A*U-E**23
PITXSI=2. 0*APEASAF2
AR3-4.O*A*(AJ3-AJA)-2.O*E*(AJI-AJ2)-(2eC*A*D-E*C3*POV
PGTETA-(2.0*AF4EA4AR3/4*A*9-E**2 3
RETURN
END
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SUBROUTINE ITGRLCXAI*YD1.XA2*VA29XA39VA3*

S * V P CT *AREA I
C THIS SUBROUTINE*WTI- TIE HELP CF SUBROUINtE CA*EVALUAVES
C TPE 1*#R INTEGRAL OVER A TPIANGULAP FEGICh.

COMMON/PC TEN,'PCTI
FI=2.O*AFS1M 1.0)

'V 1VA I
N 2=NA 2
V 2=YA 2
X3=XA3
V3-YA3

5 AR3=(X2-Xi )*(V3-Yi )-(V2-Vli*(X3-XU)
AREA-ABS(AS3112o0

UNZ-AP3.dg2*0*AREA)

Pl4SORT( 4N1-XC **2*(VI-Y0 15*2)
IF(RM*G1.1.OE-0CI GO TO 12
XOUPPV=X2

V2=YI

X3=XDUMPdV
V3VYDUMMV
GO Tc 5

12 URX(N I-XO)/RP
URV=( Y1-vo. I/AM

UT N=-UN ZSUPY
IVUNZ*UR N
)T=(XI-X0 .URX*(V1-V01*UPV
VTl=(XI-XO)*UTX*(YI-YO ISUTY
X12=( X2-XOI*URX*(Y2-V03*UPV
VT2=-CX2-XO )*UIN*1Y2-VG I UTV
XT3-(X3-XOI*UPX#(Y3-YO )*UfV
V13(X3-XO1*UX*(V3-V0J*LlV
CETPM=2oC*APEA
XSI=(XT3*YTI -XT 1*YT3 )/OETPM
ETA-lX)T1*VT2-X2*Y1I).bOETF
ZETA=IoO-XS I-ETA
SIOEI-SOPI(EN12-XII)**2,(V12-VTI )**2)
S IDE2-SORT( 4 T3-XT2102* £V13-TI**25
SIDE3-SRT((N1I-XT3**2CV1-T3)**2).
TEMP-(T2-XII)*NT3-X1344112-VTI*(YI3-V1I)
ANGLE IARCOS(TEMP/4 SIDEISSIGE3II
TEMP=(Xra-XT2).(XTI-XT2),1V13-VT23*(II-V12)
ANGLE2=ARCOS( 1EOP/(SOE24SIOE 1))
ANGLE3-PI-ANGLE I-ANGLE2
EPI-I*OE-06
FLAG-O. 0
A0O-ABS( SI 1*ABS(ETA )#AeSZEIA)
IF(AC~oGTo(I.o4ERI)I GO TO 50
lV(XSE.GE.4I.@-ENI1.AIkC.NS1.LE.(1.*ERI3) GO TO 15

IF(ETA.GEo(I.O-ERIJ.AN~oETA.LE.(1.0*ERI)) GO TO 20
IF(ZETA.GE.(1.-ERI).ANO.ZETA.LE.El.O4ERN)) GO TO 2!
IF(XSK.GEe-ERIeAtdD.NSI*LEoEPIJ 6C TC 30
IF(ETAoGEe-ERI.ANO*ETA*LE.EQIl GO 10 35
IF(ZETA.GE. -ERI.AND.ZETA.LE.EPl) GO TC 40



FLAG=1*0 86
- GO TO 50

15 CALL CAIXT39VT3*XTI9TTIeVALI)
VAL=VAL 1
Go T0 t00

20 CALL CAtAT1.VT19XT2*VT2*VALI)
VAL=VAL I
GO TO 10C

25 CALL CA(XT2eV12eXT3*VT3*VALI)
V ALV AL I
Go To t00

.30 CALL CA4.XT1.Vlt9XT2%VT2*VALlJ
CALL CA(XT2.'f12sXT3eVT3vVAL2J
VAL=VALI*VAL2
CO To too

35 CALL CA(XT2.91T29XT3sWT3.VALI)
CALL CA(Y~T3vV13eXT1vYT1eVAL2)
VAL=VAL 1 #VAL 2
GC TO 100

40 CALL CA(XT39VI3*XT1.Vll.@ALI)
CALL CA(XT1.t71.XT2*VT29VAL2l
VAL=VALI *VAL2
GO TO 100

50 CALL CA(XTleV1%X3T2..V72*VALI)
CALL CAEXT2*VT2*XT39VT3*VAL21
CALL CACXT3*V139X(T.YVTIeVAL3)
VL-VM..I*VAL24VAL3

100 CCNTINUE
PC TzVAL
POT 1P0T
FETUPd
END
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SUBROUTINE CAIX2.,Yt,.)2*V2,VAL)
COMPON0E;IACREPP I
RA=SORTd Ji**2.Vt**2)

RB=SQRTIX2**2#V2*020
AL=saPT((x2-xI )**2*(Y2-YI I*2)

Xo=xIOOT*(X2-XI /AL

VD=YIDOT*4V2-Vl 3/AL
PNOI=SQRI(XO*02#YD**2
ER 1PCT/AL
ZEPO-l.oE-06
IF(ERP1.LE*ZERG) GO TO 10

PHIIIATAf2(Y1.9I 3

PM12aATAN2( V2sX2)
PHltTAIAN2( Y~eX03
,1=E)IPRhNC4T9PHINOTePt 113

F2=EXPUN(FNCT*PHENCTeF"12)
VAL=F2-F 1

cc TC 11
to VAL0

11 RETURN
END



II TEVPI-SCAY(Ph0Te2) 8
AV- TEWP2-NOT*SI(PHINO-PP.~1

IF(ElR1.LEeloCE-oe) GO TO 10
ALPHAI-PM IHO -PNI!

ALPMA2-AASIN( 1.03
EPR2-ASS(ALPPAI**2-M..Pt4A2*.2)
IF(ERR2*LE..o0E-Oe5 GO TC 10
TEMP3-ALCGE (TEMP 1*TEMP2)/(1EMP1-IEMP2) I
CC TC 11

10 1EMP3-.0
11 EXPRN=-(RhCT*IEPiP3)#*2oC

RET URNb
END



SUBROUTINE CSMItVIA.NDIM.N.CETERM.,COND. NERRJ 
8

COMiPLEX A(NOIMofOIM).PIvOT (250 D.AMAX.1.SWAP.OETEAM.UsCNPLX.CONJG
INIEGER*4 IPIiVCT(2503 ,IN0EX(250921
REAL rEMP*ALP,-A(2501.CAS
COMPLEX CTEMPeCALFHA(250)
IERR=G
IFENOIMoLEe250) GC TO 5
IERI~
WRITE(3941 N0OI0

4 FORMAT(OOCSMINV ERROR. ATTEMPT TO INVERT A MATRIX 014e
1* CN A SICEsele W#EN 250 X 250 IS TI-E MAXIMUM ALLOWED.* I
RETURN

5 CCNTINUE
GETERP = CI'PLX(1.0*0e0)
SUPAXA=O.
DO 20 J-I*N
ALPI4A(J 3=0.0
CALPHA(.JI=(0vC*03
SUMAOv=0.
Dc 10 1=1.F%
CALPHA(J)=CALPI4ACJ1*A(J.1)* CCNJG(A(JolI)
ALPHAEJ I RE AL( CALP4 A(Jill

to SUPPCW=SUMPOW + CABS(A(Joill
ALPNA(J1= SQRT(DLPHA(J))
IFCSUMiROW*GT.SU0AxA) SUPAXA=SUMRC%

20 IPIVCT(J)=O
00 600 I=1.N
AMAX=CPPLX(O0.C. 0)
Do 105 J=19N
IF LIPIVCT(JI-1) 609 105. e0

60 0o 100 9=10N
IF IIPIVOT(K)-lb 80. 100. 740

80 CTEPP=APAX* CONJG(AMAXI-A(J*K)* CONJG(A(JoK))
TENP=REALI CIEMPI
IF(TEMP1859flesICC

e5 liRclij
ICOLUM-9
ANAX(=ACJ*K I

100 CONTINUE
10! CONTINUE

RPEVOT( ICOLUMI-IPIVOI(ICGLLMI+l
IF (IRCW-ICCLUM) 1409 260. 140

140 OETERN=-DETERMi
00 200 L=1.N
SWAP-A( IRC0.L)
A4IROW9LI=AE ICCLUPvL)

200 AE ICULUM*L )=SVAP
SUAP-ALP4AZIRCWJ
ALPMA( IROW)=ALPhA( ICGLUP)
CALPHA( ZCOLUPI-SUAP
ALPtHAECLUMI=REAL (CALPIIA( ICOLUMI)

260 IhOEX1191I=IR0W
INDEXI 3.21. ICOLLM
PIVOT( I )=At lCOLUM. ICOLUM)
U - PZVCT(I)
ALPI4AI-ALP4A( ICCLLM)
CALL OTRN(DETERM*U*ALPHAE)
CTEPP=PIVCT(II' CONJG(PIVCT(1))
TEOP-REALICTEIP
II'(TEMP)33097209330
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330 A(SCOLUP9ICCLU'1 CMPLX((1.C*0.O)
DC 350 L=toh
U = PIVCT(1)

35C A(ICOLUM#L) =A(ICCLUP*L)/.L
380 CO 550 L11.oh

IF(LI-ICOLUM) 400o 550. 400
400 T=A(LlolCCLVI

A(L1.ICDLU')= CPPLX(0.O000
CC 450 L1Ih
U a A(ICOLLM*L)

*s0 A(LI*L) =A(LI*L)-U*T
550 CCNT1IUE
600 CON~TINUE
62C DO 710 1=19N

L=h+ I--I
IF (IMDEX(L9I)-I.CEX(EL92)) 630e 710. 63C

630 JWO.INEXCLot)
JCCLUM=INOEX(L*2)
00 705 X=1.N
SIXAP-A( K.9 JlPCk0
A(N,JR0W)=AIICJCCLUM)
AdXK.JCCL UN*SW AF

705 CONTINUE
710 CCITINUE

SUWAXI-0.
DO 510 1=19K
SUMPGW=Oe
CC 900 J-19N

900 Sumpo*bSUMPOW * CASS(ACIiJil
IF(SUNoC.TeSUUA'II SUMAISUMROU

910 CONTiNUE
COND = t./(SUiAJASSUNAXII
RETUPRN

720 iWPIIE(3.7?30)
730 F0PNATg0.Ofin04******4@)/OOPATAIX Is SINGULDpG*Q8(*/0u.10(*4

740 RETURN
E NC



SUBROUTINE DVPU'NT(OETEPI'.U.A) 91
REAL CABS

CC&PLEX DETEPMoL.CMdPLX
- CONMON/SCAFAC/ISCALE

DATA ISCALE#Oj.
IF(CASS(DE7ERM) mGT* I.E-1O) GO TC 100
DETERM=DETERM I.E 10
ISCALE= ISCALE. I

100 DETERM=OETERM*LJ/CPPLX(Av0.o0
RETURN
ENOC
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